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ABSTRACT 
The r iver basins form a type of logical unit for 
hydrogeological investigations and accordingly the area, is limited 
by two hydroboundaries i . e . the r iver Great Gandak in the east and 
the r iver Little Gandak in west, which forms a natural hydrogeologic 
unit, and hence it was selected as an ideal area for the present 
investigation. The basinal area covered is .: 2392 square kilometres 
and lies between the latitudes 26°40' to 27°15' and longitudes 83°45' 
to 84°0' E. 
In the present investigation, the author has attempted to 
depict a comprehensive and balanced picture of the aquifer system, 
their dimensions and transmission characteris t ics . Moreover, 
occurrence, movement and behaviour of water level fluctuations in 
time and space were also studied. An attempt has also been made 
to assess the groundwater resource potential of the basin in terms 
of i ts quantity and quali ty. Accordingly stage of groundwater 
development and scope for future development was also determined. 
The water quality was studied in detail and various groundwater 
fades were established. 
For the above purpose intensive field work was under 
taken, various and land forms in the Gandak sub-basin were studied 
with the help of LANDSAT data and accordingly the study area was 
divided into three physiographic units, i . e . (1) The Tarai Zone (2) 
The Upper Flank of the Great Gandak and Little Gandak Plain (3) 
The Little Gandak and Khanua Valley. Soil survey was carried out 
and the soil map of the area was prepared. In all 198 observation 
wells were established throughout the basin at two kilometers 
spacing and the monitoring of water levels were carried out during 
pre - (June, 1988, 89) and post monsoon (Nov. 1988-1989) periods. 
Besides the water level of some keywells selected from each of the 
physiographic units were regularly monitored every month. Besides 
the open wells a large number of shallow and deep tubewells were 
inventorrled and relevant hydrogeological data were collected. 
Further, llthological logs of deep tubewells were also collected and 
utilized in preparation of fence diagram and various hydrogeological 
cross-sections. Pumping tests were conducted to determine aquifer 
parameters, water samples were collected from open wells, shallow 
and deep tubewells and also from surface water bodies such as r ivers 
and canals, and were chemically analysed, and accordingly various 
water quality maps and diagrams such as electrical conductivity total 
hardness, wilcox diagram (Sodium percent Vs Electrical conductivity) 
U.S.S.L. diagram (SAR Vs E.G.) tr l l lnear diagram, bar and stiff 
diagram were prepared. Moreover, various hydrometerjological and 
hydrological data relevant to Investigation were also collected. 
Geographically, the area forms a part of the northern 
portion of the Gandak depression, an integrated part of the Ganga 
basin. Structurally, the depression is distinguished on the basis 
of sedimentary thickness of more than 6000 metres. Geologically, the 
Quaternary alluvium directly but unconfirmably overlies the Neogene 
Siwaliks which in turn overlies the Upper Proterozolc Vlndhyans. 
Quaternary sediments are chiefly composed of gravel, sand, si l t and 
clay with occasional intercalation of calcareous concretions. Sediments 
vary in texture and thickness both laterally and vert ical ly. 
Thickness of alluvium increases due north proximal to the Himalayan 
foothills. 
As regards the origin of the Ganga basin, it was Interpreted 
to be formed as a foredeep or a great rift valley which was later 
filled up with the alluvium of the thickness 4.5 to 20 km. A third 
view regards it a sagging in the crust, while the fourth more 
accepted view presents it as a resultant of the buckling down of 
the northern fringe of the Peninsula. However, at present, 
Indo-Gangetic plain is considered as a peripheral foreland basin, 
formed as a result, continent-continent collision between Indian and 
Asian Plates, 
Hydrogeologically, there occurs more or less a single bodied 
aquifer system with some variations in the western part of the area 
along the r iver Little Gandak where two-tier aquifer system exists 
down to 118 m, depth. The granular zone comprising fine through 
medium to coarse sand mixed with gravel, forms about 75% of the 
total formations and attained a maximum thickness of 70 m. However, 
regionally there occurs three to four-tier aquifer system down to 
500 m. depth throughout the basin, where Individual aquifers and 
aquicludes range in thickness from 10 m to 230 m and 1.5 to 88 m. 
respectively, which very well speaks of the then prevailing 
hydrodynamics of the Great Gandak r ive r . The discharge of the 
shallow tubewells in the area, varies from 30 to 50 m / h r with a 
nominal drawdown of 2-3 m. The discharge of the heavy duty 
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tubewells varies from 50 to 227 m / h r with a drawdown varying from 
1.97 to 11.72 m. The groundwater in the shallow aquifers occurs 
under water table condition and under semi-confined to confined 
conditions in the deeper aquifers. 
The pre and post monsoon depth to water ranges between 
less than 2 m to 6 m respectively. Annual fluctuation varies from 
0.2 m to 1.0 m. The fluctuations ranging between 0.3 m to 0.5 m 
is observed to be widely represented. The elevation of water table 
ranges from 91.00 m in northern part to 71.00 m in southern part 
above mean sea level. Regional groundwater flow Is from NW to SE 
with some local variation at places caused due to some local factors. 
However, in the extreme north the groundwater flow is from north 
to south. The hydraulic gradient varies from 0.25 m/km to 
1.42 m/km. The average slope of the water table is about 0.83 
m/km. Water table contour map for November 1988 also shows 
identical situation as that for June 1988. A piezometric level map 
for the period June 1988 shows almost similar pattern to that of 
water table contour map, which indicates same source of recharge. 
Further, study of the hydrograph of the key observation wells shows 
that there is no significant change in groundwater levels over the 
past one decade. Hydraulic conductivity values of the aquifer 
materials calculated through the mechanical analysis, ranges from 
15.03 to 74.64 m/day with an average of 25 m/day. Isopermeability 
map (prepared after Logans method) indicates three zones less than 
20, 20-25 and 25-30 m/day. Aquifer parameters evaluated are, 
? - 4 
Transmissivity 2896.43 m / d a y and Storativity 3.7 x 10 . Result 
indicates that the aquifer tapped is confined in nature. 
An attempt has been made to evaluate the groundwater 
resource of the area through water level fluctuation method. The 
net recharge has been computed to 422.36 MCM. The net annual draft 
is 97.13 MCM, leaving a balance of 325.23 MCM as a util lsable 
groundwater resource for future development. As per the NABARD'S 
norm the area falls under the 'White' (safe) category. 
In view of the fact that only 22.99% of groundwater 
development has taken place so far, there is a large groundwater 
surplus available for further development. Quantity available for 
further development is estimated as 227.66 MCM after reserving 30% 
for domestic and industrial uses. An average well with an yield 
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of 30 m / h r with 6 hrs of pumping per day and 120 days of pumping 
for a year will allow withdrawal of 21.600 MCM/year/tubewell. 
Therefore, with a unit draft of 0.0216 MCM/yr/well, It will be 
possible to construct about 5907 shallow tubewells and 476 deep 
tubewells with a unit draft of 0.21 MCM/yr/tubewell in the area. 
The tubewells may be constructed in a phased manner spread over 
a period of 5 years . The groundwater resource potential of the area 
is large and practically unutilized as the area lies under Gandak 
canal command. The groundwater may be transported to some other 
water deficient areas for i ts proper utilization. 
The chemical analysis results show that the groundwater 
in Padrauna sub-division, is alkaline in reaction, slightly hard and 
moderately mineralised. Further, the values of cations and anions 
are also found well within the prescribed limits. Sulphate with 
association of sodium or magnesium may give rise to gastrointestinal 
i r r i ta t ion to the user at levels encountered in the area. The 
concentration of fluoride is generally low but at places high value 
is possibly due to the sugar factory effluents which contain fluoride 
ion. Consequent to low concentration of iodine in groundwater there 
is a large incidence of goitre in the region. As regardss the 
hydrochemlcal facies of the shallow groundwater in the area, it is 
observed that mostly the sodium or potassium type facies are 
dominant among cations (with a l i t t le portion of magnesium type) and 
bicarbonate facies dominant among anions. However, their 
corresponding Intersectlonns in the diamond shaped field indicate 
that the chemical properties are dominated by Alkali-Earth and week 
acids in the shallow groundwater, in case of deep groundwater, the 
hydrochemlcal facies are sodium or potassium type dominant among 
cationlc triangle and bicarbonate type dominant among anionic triangle. 
The groundwater in the area is suitable for drinking, irrigation and 
industrial uses, trace metal concentrations are well within the 
prescribed limits with exceptionally high values of iron In few 
samples. However, even small amount of these micronutrlents may 
create some problem due to their continuous bio-accumulation In the 
tissues of human body. The sugar factories in the area are producing 
huge amount of effluents which are directly disposed on land surface 
without any treatment, may creat some environmental problem In the 
years to come. This Is high time that the suitable measures ba 
taken as suggested by u . P . State Pollution Control Board to protect 
both surface and groundwater bodies in the basin from this source 
of pollution. 
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CHAPTER - 1 
I N T R O D U C T I O N 
INTRODUCTION 
Water is the most important of all our natural r e s o u r c e s . 
Fresh water being one of the basic necess i t i e s for sustenance of 
l i fe , the human race through the ages has s t r iven to locate and 
develop i t . Over ninty per cent of l iquid fresh water ava i l ab l e 
at any given moment on the ear th l ies beneath the land sur face . 
It will not be too long before fresh water becomes the l imiting 
factor , in b io logica l , economic and social growth throughout the 
World. There fore , it behoves us to seek methods , system and 
pol ic ies to improve national and global adminis t ra t ion of water 
r e sou rce s . 
India has been bestowed with subs tant ia l water r e s o u r c e s . 
With an area of 3.28 million s q . km. and population of 885 mil l ion, 
India is the seventh larges t country in the World. So far the 
pr inc ipal consumptive use of water has been for i r r i ga t ion . Demand 
of various other sec tors spec ia l ly domestic water supply has been 
growing r a p i d l y and it is expected that by 2025 A.D. the u t i l i s ab l e 
water resources of the country may be u t i l i sed almost ful ly . In 
order to meet the increased demand and to p rov ide safe dr inking 
water all over the country , p rec i se evaluation and scient if ic deve -
lopment of ex is t ing resources are r e q u i r e d . 
The Indo-Gangetic plains is one of the grea tes t potential 
groundwater r e s e r v o i r s in the World (Pa thak , 1988). Though a l ready 
cons iderab le development of shal low aquifers has taken p l ace , 
t he re is large scope for fur ther development to meet the water 
demand and achieve economic upliftment of the people in the area 
but the resource has to be sc ien t i f ica l ly managed to achieve safe 
and optimum development . 
Aims and Objective 
In persuance to the above , the invest igat ion was ca r r i ed 
out in pa r t s of Gandak basin as par t of the Ph .D . programme 
with the following v i ews . 
1. Define major water bearing zones. 
2. Define locat ion, extent and in t e r r e l a t ionsh ip of aqu i f e r s . 
3. To e s t ab l i sh phys ica l parameters of aquifers l ike t r a n s m i s s i v i t y , 
s t o r a t i v i t y and hydrau l ic conduc t iv i ty . 
4. To study the movement of groundwater and behaviour of water 
level in time and space . 
5. Delineating areas of groundwater recharge and d i s c h a r g e . 
6. To study the hydrochemis t ry of groundwater and surface water 
of the a rea . 
7. To evaluate groundwater resources of the area to demarcate 
areas for fur ther groundwater development . 
Significance of the study 
The significance of the study is to define the regional 
aquifer sys tem, i t s quant i ta t ive and qua l i t a t ive assessment to 
e s t a b l i s h a frame work of background information of the Gandak 
basin which is c r i t i c a l l y needed to develop an understanding of 
groundwater flow sys t ems , and to suppor t be t te r groundwater 
resources management. 
Study Area 
The d i s t r i c t of Deoria occupies the extreme no r th -eas t e rn 
corner of the s ta te of Uttar P r a d e s h . It l ies to the north of r i v e r 
Ghaghra, which forms its southern boundary . On the west and 
north the border matches with Maharajganj distr ict and on the 
east with the d i s t r i c t s of Champaran and Saran in Bihar , the 
d iv id ing line being pa r t ly a r t i f i c ia l and in part suppl ied by the 
Great and Li t t le Gandaks. The Padrauna sub-d iv i s ion which forms 
the area of s tudy l ies between la t i tudes 26''40' to 27°15' north 
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Fig. 1. Location map of the study area. 
and longitudes 83°45' to 84"'C' east falling in survey of India 
topographical shee ts nos. 63 M/16, 72 A/4, 63 N/13, 12 B/1 and 
63 N/14 (Fig . 1 ) . 
Methodology 
Towards the fulfillment of the aim, data was collected 
and processed to evolve a quant i ta t ive and qua l i t a t ive est imation 
of var ious factors governing the groundwater sys tem. 
In order to generate a quant i ta t ive data base on h y d r o -
geologic parameters and h y d r o c h e m i s t r y , sys temat ic su rveys were 
ca r r i ed out which was followed by labora tory inves t iga t ions . 
The ava i l ab le hydrogeological informations from the publ i shed 
l i t e r a t u r e and unpubl ished r e p o r t s of Geological survey of India , 
Central Ground Water Board and Ground Water Department of the 
State Uttar P r a d e s h , were col lected and s t u d i e d . 
Topographical maps, LANDSAT TM data of the area were 
s tudied pr ior to the reconnaissance s u r v e y . From LANDSAT imagery 
various land forms were dejnarcated. For determinat ion of mean, 
s tandard dev ia t ion , v a r i a b i l i t y of r a in fa l l , occurrence and frequency 
of drought , the rainfal l data of Padrauna raingauge s ta t ion were 
analysed for the period 1901-1989. Pedological data for s tudying 
the soil types pertaining to the area were col lected from Dis t r ic t 
Agricultural office. 
Geology of the en t i re basin was compiled with the help 
of publ i shed l i t e r a tu r e s and unpubl ished r epo r t s of Central Ground 
Water Board and the Oil and Natural Gas Commission. 
Lithological logs of deep tubewel ls in the area were co l lec ted . 
F u r t h e r , reconnaissance survey and es tabl i shment of 198 observa t ion 
wells was ca r r i ed out giving a coverage of about 10 km each 
wel l . To monitor the changes in water l eve l , repeated pre and 
post-monsoon water level measurements during 1988 and 1989 were 
ca r r i ed out. The hydrogeological data of observa t ion wells were 
p rocessed , plot ted and i n t e r p r e t e d . Various maps l ike depth to 
water maps, water tab le contour maps and water level fluctuation 
maps were p r e p a r e d . In order to assess the long term effect of 
water level various hydrog raphs were p repa red and ana lysed . 
The sand samples were col lected from the r i v e r Great Gandak, 
Li t t le Gandak and Bansi r i v e r beds through t renching . Samples 
were mechanically analysed and data were plot ted on the grading 
curve and parameters like effective grain s i z e , sort ing coefficient 
and hydrau l i c conduct ivi ty were ca lcu la ted . Pumping tes t data 
were analysed for the determinat ion of aquifer c h a r a c t e r i s t i c s . 
For s tudying groundwater and surface water qual i ty and 
the i r r e l a t i o n s h i p , samples from different groundwater s t r u c t u r e s , 
surface water bodies were col lected and chemical ly analysed both 
for major ions and t race elements using s tandard methods . F u r t h e r , 
to s tudy the effect of sugar factory effluents on groundwater qua l i t y , 
samples were col lected from the adjacent area of each factory 
and ana lysed . 
Status of Groundwater Research 
International - The se r i e s of developments between 1856 and 1955 
has helped to e s t a b l i s h the p r inc ip les o^ groundwater resource 
evaluat ion as a quant i ta t ive sc ience . Darcy (1856) did exper imental 
work on the flow of water in sands and de r ived a formula known 
as Da rcy ' s law which se rves as the bas i s for numerous quant i ta t ive 
methods in groundwater resource evaluat ion. G. Thiem (1906) 
developed a field method for determining permeabi l i ty of water -
yie lding formations and the ra te of flow of water , using a pumping 
well and the resul tant drawdown in observa t ion we l l s . One of 
the most important milestones in the development of groundwater 
resource evaluation was T h e i s ' s (1935) introduction of an equation 
for the non-steady s ta te flow to a we l l . Several workers since 
then have formulated equations re la t ing the d i scharge from an 
aquifer to the head difference under different conditions l ike leakage 
from over ly ing a q u i t a r d , delayed y i e l d , large diameter we l l s , 
mult i -aquifer system e t c . Thus until about the fift ies of the present 
century hydrogeology has progressed only hal t ingly and that too 
merely as incidental to the main objec t ive of water resource 
evaluat ion. 
In con t ras t , the last two decades have witnessed phenomenal 
growth in the 'Science of hyd rogeo logy ' . A marked change is 
a p p a r e n t in all par t s of the. world as evident from the ava i l ab l e 
l i t e r a t u r e s . Hydrogeology is now concerned not only with the 
resource aspec ts and the hydrodynamics but the en t i re field of 
phys ica l and chemical react ions and r e sponses , occurrence and 
movement and energy storage and t ransmi t ta l involving water 
molecules in different l aye r s of our p lane t . Some of the subjects 
that will have marked influence in the coming decades are -
Development of information 'systems and computerized groundwater 
data bases with te lemetr ic link to ground instruments on real time 
b a s i s , s tud ies on recycl ing of r e sou rce s , s tud ies on desa l ina t ion , 
improving the potential of EM surveys for groundwater , a r t i f i c ia l 
underground and undersea r e s e r v o i r s , energy storage in aqu i f e r s , 
organic geochemistry of pa r t i cu la r ly connate waters e t c . As of 
now environmental aspec ts c i rcumscr ibe all our s t u d i e s , groundwater 
is no excep t ion . Seyhan et a l . (1987) have adopted factor ana lys i s 
and Kirging in the i r hydrolo.gical r e sea rch programme on appl ied 
regional izat ion techniques and ;models using scarce da t a . Marsily 
and Ahmad (1987) have given a good exposi t ion on Kirging, see 
a large potential for th i s method. 
Isotope techniques and computer modelling have come to 
stay in groundwater r e s e a r c h , eventhough these techniques have 
t he i r obvious l imi ta t ions . Most of the publ i shed l i t e r a t u r e on 
groundwater per ta ins to what may be cal led as 'Regional 
Hydrogeology ' . 
National - Systematic groundwater explora t ion was taken up in 
India in the ear ly 50 ' s and was in i t i a l ly confined to resource 
evaluation in the unconsolidated or semiconsolidated formations. 
The ac t iv i t y got extended to the hard rock regions about 20 years 
l a t e r . The techniques of explora t ion p r imar i ly consisted of 
geological reconnaissance, occasional geophysical su rveys and actual 
d r i l l i n g . Today resource est imations at macro-level for the whole 
country on an empir ical and heur i s t i c b a s i s , and for some of the 
r i v e r basins through water budgeting s tudies are a v a i l a b l e . Co-
incidental with the water balance s t u d i e s , a few re sea rch projects 
of a problem specif ic or location specif ic nature have been under -
taken (Ramesam, 1987). A concrete th rus t on R & D in groundwater , 
with ident if ied areas of r e sea rch duly suppor ted by r equ i s i t e 
budget a l loca t ions , however , has been lacking. As the country 
is marching towards the 21st century by which time the total 
annual r ep l en i shab le recharge from ra ins to the groundwater body 
would have been fully l u t i l i z ed , the conservat ion of the exis t ing 
finite resource , i t s augmentation, protect ion and judicious exp lo i t a -
tion would r equ i r e urgent a t ten t ion . The re levance and need of 
R & D in the basic science of hydrogeology becomes at once 
apparen t at t h i s juncture . 
Previous work in the area 
Fi r s t of all Dutt (1964, 1965, 1971) ca r r i ed out the h y d r o -
geological invest igat ion in the Gandak Canal command areas of 
Deoria and Gorakhpur d i s t r i c t s . Later on, Khanna (1967) ca r r i ed 
out a special invest igat ion in drought affected pa r t s of Deoria 
d i s t r i c t . They concluded that the area has almost a flat topography 
with gentle s lope towards sou th . Whole of the d i s t r i c t is underlain 
Q) 
by Indo-Ganga al luvium. Tv/o aqu i f e r s , the upper and lower have 
been d is t inguished in the d i s t r i c t . These aquifers are separa ted 
by a th ick pers i s ten t clay bed . Groundwater in the area occurs 
both under confined and unconfined condi t ions . The depth to water 
in the major par t of the d i s t r i c t l i es between t h r e e and four 
metres below land surface and movement of groundwater is from 
north to sou th . 
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However, Dutt (1971) have'^ publ i shed an in teres t ing paper 
and concluded that in the a rea , wi thin a depth of 150 metres 
the aqui fers are mostly interconnected and i r regular and are 
general ly In an unconfined s ta te of d i spos i t i on , pa r t i cu l a r l y in 
the no r th - ea s t e rn p a r t . 
Khanna also in 1971, summarised tha t under the prevai l ing 
hydrau l i c gradient 52,000 m (cubmic metres / ' of groundwater is 
flowing out of the d i s t r i c t every d a y , Khanna (1981) r epor ted 
the deepes t d r i l l ing down to 304.79 metres. He conducted th ree 
pump tes t and concluded tha t the piezometr ic head r e s t s between 
3.70 and 6.68 metres below land surface and the aquifers are 
capable of t ransmit t ing large amount of wa te r . 
Present work in the area 
The geomorphology, geology, hydrogeology, hydrochemis t ry 
and water balance s tudies of the area have been desc r ibed under 
the present s tudy to p rov ide quant i ta t ive data ba se . The geomor-
phological s tudies have indicated the poss ib i l i t y of fresh water 
r e s e r v o i r s in the a r ea . Geologically, the Quaternary alluvium 
d i r e c t l y but unconfirmably ove r l i e s the Neogene Siwaliks which 
in turn ove r l i e s the Upper Proterozoic Vindhyans . Quaternary 
alluvium and Siwaliks form a good aquifer zone down upto 1200 
to 1700 m. Below these dep ths the groundwater is sal ine in na tu re . 
Hydrogeologically the re occurs more or less a single bodied aquifer 
system with var ia t ion of two t i e r aquifer system which l a t e r a l l y 
merges with each o ther and forms single bodied aqu i fe r . The study 
indica tes that the aquifers a re unconfined to semi-confined in na tu re . 
The regional groundwater flow is from northwest to sou theas t . 
The chemical ana lys is r e su l t s show tha t the groundwater in the 
area is a lkal ine in reac t ion , s l i gh t ly hard and moderately 
mineral ised and su i tab le for d r ink ing , i r r iga t iona l and indus t r ia l 
pu rposes . The concentration of iodine is very low and have caused 
the problem of goi t re in the region. In few samples the concentra-
tion of f luoride ion is a larming. Trace metal concentrations are 
well below the p r e sc r i bed l imi ts with except ion of high values 
of iron in few groundwater samples and sugar factory effluents 
which may crea te some problem due to t h e i r speci f ic ro le in human 
metabol ism. An at tempt has been made to evaluate the groundwater 
resource of the area through water level fluctuation method. The 
net recharge has been computed to 422.36 MCM, The net annual 
draft is 97.13 MCM, leaving a balance of 325.23 MCM as a u t i l i s ab le 
groundwater resource for fur ther development . As per the NABARD'S 
norm the area fal ls under the ' w h i t e ' ca tegory . 
In view of the fact tha t only 22.99% of groundwater deve lop-
ment has taken place so far , t h e r e is a large groundwater surplus 
ava i l ab l e for fur ther development . Quantity ava i l ab le for further 
development is est imated as 227.66 MCM after r e se rv ing 30% for 
domestic use . There fore , with a unit draf t of 0.0216 MCM/yr/well , 
it will be poss ib le to construct about 5907 shallow tubewel ls and 
476 deep tubewells with a unit draft of 0.21 MCM/yr/tubewell 
in the a r ea . The tubewells may be constructed in a phased manner 
over a period of 5 y e a r s . The groundwater resource potential 
of the area is large and p rac t i ca l ly unuti l ized as the area l ies 
under Gandak canal command. The groundwater may be t r anspor ted 
to some other water deficient a reas for i t s p roper u t i l i za t ion . 
CHAPTER - I I 
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PHYSIOGRAPHY 
Regional Background 
Deor ia i s one of t h e e a s t e r n most d i s t r i c t of t h e s t a t e of U t t a r 
P r a d e s h of w h i c h t h e e x t r e m e n o r t h e a s t p o r t i o n forms t h e i m p o r t a n t 
s u b d i v i s i o n known as P a d r a u n a . To t h e n o r t h , P a d r a u n a s h a r e s t h e 
common b o u n d a r y w i t h t h e Himalayan Kingdom of N e p a l . F u r t h e r to 
t h e n o r t h and e a s t l i e s t h e C h a m p a r a n and Saran d i s t r i c t s of B i h a r 
w h i c h i s s e p a r a t e d by t h e Grea t Gandak r i v e r . To t h e w e s t , l i e s 
t h e d i s t r i c t of M a h a r a j g a n j and Hata s u b d i v i s i o n of Deor ia d i s t r i c t . 
The b o u n d a r y in t h e c a s e of fo rmer be ing t h e L i t t l e Gandak ( F i g . l ) . 
Topography 
Taken as a w h o l e , t h e c o u n t r y p r e s e n t s v e r y d i f f e r e n t c h a r a c -
t e r i s t i c s from t h o s e w h i c h p r e v a i l in t h e w e s t e r n d i s t r i c t s of U . P . 
T h i s d i f f e r e n c e is due p r i m a r i l y to t h e r e l a t i v e p r o x i m i t y of t h e 
H i m a l a y a s . The o u t e r m o s t f o o t - h i l l s a r e a b o u t a few km n o r t h of t h e 
b o r d e r , w h i l e t h e g r e a t p e a k s of t h e snowy r a n g e , c u l m i n a t i n g in 
t h e huge mass of D h a u l a g i r i ( N e v i l l , 1 9 0 9 ) , some 8,232 m. a b o v e t h e 
l e v e l of t h e s e a , a r e c l e a r l y v i s i b l e u n d e r f a v o u r a b l e a t m o s p h e r i c 
c o n d i t i o n s , e s p e c i a l l y d u r i n g t h e r a i n s and t h e co ld w e a t h e r , as fa r 
sou th of P a d r a u n a i t s e l f . Below t h e o u t e r h i l l s i s a d r y , b o u l d e r y 
t r a c t , c o r r e s p o n d i n g to t h e B h a b a r ( P i e d m o n t zone ) of Kumaun and 
l y i n g fa r t h e most p a r t in N e p a l , and h e r e t h e bu lk of t h e m o i s t u r e 
c o n t r i b u t e d by t h e r a i n f a l l and t h e sma l l h i l l s t r e a m i s a b s o r b e d 
by t h e h i g h l y t r a n s m i s s i v e s o i l c o m p r i s i n g b o u l d e r s , p e b b l e s , g r a v e l s 
mixed w i t h s a n d , to r e a p p e a r b y s y p h o n i c in f luence in t h e mois t and 
u n h e a l t h y t r a c t known as T a r a i (Wet l a n d ) . The l a t t e r c o m p r i s e s a 
b e l t some 15 km in w i d t h , runn ing a long t h e n o r t h e r n b o r d e r s of t h e 
s u b d i v i s i o n . I t i s e x t e n s i v e l y c u l t i v a t e d , bu t t h e c l i m a t e i s p o i s o n e d 
by a m a l a r i a l f e v e r , and in most p a r t t h e t i l l a g e i s poor and 
p r e c a r i o u s . 
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The Dun and Sumeswar h i l l s in the extreme n o r t h , which are 
a continuation of Neogene Siwalik range, a re formed of i l l -compacted 
sandstone, scored by the bare stony beds of the water -courses which 
rush down in the r a i n s . There is a l i t t l e doubt that the rocks of 
these h i l l s a re of the same horizon as the Chauria Ghati range south 
of Kathmandu, i . e . , Siwalik of Upper T e r t i a r y . The beds of Chauria 
Ghati range d ips at 30° NNW and we may regard the s t ruc ture of these 
Himalayan foo t -h i l l s as having been or ig inal ly an t i c l ina l , the southern 
half of the ant ic l ine having dissappearedCOmalley, 1901) as an impact 
of the Himalayan frontal faul t , down throw s ide of which now l ies 
below the Quaternary alluvium of the Gangetic p la in . 
The Plains 
The pla ins ol eas tern U.P . and north Bihar between the 
Himalayan and the Ganges consist of the three-cones of the Gandak, 
the Kosi and (in pa r t ) the composite Mahananda-Tista cone (Fig . 2 ) . 
Though no de ta i led account of the geomorphology and sedimentation 
in the Indogangetic plains is a v a i l a b l e , a broad outline is given by 
Geddes (1960). Major deposi t ion in the pla ins is taking place in the 
form of large mega - a l luvia l cones fanning out from the gorge ex i t s 
of all great Himalayan r i v e r s . The cones , t r iangular or r a t h e r segmented 
in plan and convex in form, have t h e i r apex at the gorge ex i t from 
which the i r axes run to t he i r bases towards the Indian Peninsula 
or the sea (Parkash et a l . 1980). The contours are drawn at 10 feet 
(3 m)) in te rva l from e i the r bank of the Ganga upwards to near the 
foot of the h i l l s , to south and no r th , and at wider in t e rva l s above 
250 feet (76.2 m.) or less on s tepping s lopes (Geddes, 1960). 
The Ganga plain is flat and monotonous, though gently undulat ing, 
a l luvia l plain having an average elevat ion of about 78 m. (Singh, 
1983). The plain a t ta ins a maximum elevat ion of about 105 m. in the 
extreme n o r t h , close to the Nepal b o r d e r . From h e r e , it gradual ly 
decreases in e levat ion towards the south so tha t in the Li t t le Gandak 
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Valley it has an elevat ion of about 74 m. above the mean sea level 
( a . m . l . ) . The a l luvia l plain f i r s t s lopes gently to the south and then 
to the sou th -eas t . The surface level being d ive r s i f i ed only by the 
r i v e r va l leys and a few sandy r i d g e s . In contradict ion to the high 
r idges of the water par t ings are the low and often broad Valleys 
of the up lands . The t rans i t ion from one to other is in most cases 
c lea r ly marked, and the va l l eys of the larger r i v e r s are not only 
depressed well below the general level of the country , but one of 
cons iderable b r e a d t h . There is thus a wide range of lowland which 
is apt to be inundated in years of heavy ra in fa l l . However, it is 
necessary to refer to the condit ions of the study a rea , which forms 
a t r ac t of a quite unique c h a r a c t e r . It is known as the "bhat" and 
consis ts of the alluvium brought down by the Great Gandak, the d i s t i n -
guishing feature being i t s remarkab le whi t eness , which is due to the 
unusual proport ion of lime in the s o i l . The pecu l i a r i t i e s of the "bhat" 
are g rea t , and in a large measure , de te rmine , the specia l c h a r a c t e r i s -
t ics of the topography and the agr icu l tu re in t h i s t r a c t . 
PHYSIOGRAPHIC DIVISIONS 
The s tudy area has been d iv ided into th ree phys ica l d iv is ions 
(Fig. 3) on the bas is of var ious t e r ra in a t t r i b u t e s found in the region. 
These d iv is ions are as fol lows. 
1. The Tarai zone. 
2. The Upper flank of the Great Gandak and l i t t l e Gandak p la in . 
3. The Little Gandak and Khanua v a l l e y . 
The Tarai Zone 
The Tarai zone extends south wards from the Indo-Nepal border 
for a dis tance of about 24 km. In the Tarai, at the base of s lope 
in nor th -wes te rn par t of Bihar s t a t e , much of water which has 
percola ted into the gravel r e i s sues in the form of s p r i n g s , as the 
aquifer cuts the land sur face . These spr ings turn the ground marshy 
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Fig. 3 . Physiographic map of the area. 
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and high grass rep laces the fo res t . The res t of the area is an a l luv ia l 
p la in , formed by the Great Gandak. The southern boundary of Tarai 
is not well defined as it impercep t ib ly merges with the centra l Ganga 
p la in . Phys iog raph i ca l l y , the Tarai landscape is almost monotonous. 
It is a low lying level plain with s l igh t undulations here and t h e r e . 
The average s lope of the Tarai zone is 0.8 m/km towards the sou th . 
The Tarai has large number of swamps and l a k e s . 
The Upper Flank of the Great Gandak and Little Gandak plain 
The Upper flank of Great Gandak and the Li t t le Gandak occurs 
north and nor th -eas t of Li t t le Gandak r i v e r and form an intermediate 
zone between Tarai and Li t t le Gandak Val ley . It occurs in continuation 
of the Tarai zone. The elevat ion of t h i s zone ranges from 84 to 74 m . , 
which s t r e t c h e s upto the southern fringes of Padrauna s u b d i v i s i o n s . 
The general s lope of the area is towards south which f inal ly swings 
due SE. Although the area has a s l igh t ly h igher elevat ion than the 
Litt le Gandak v a l l e y , i t s topography is cha rac t e r i s ed by a flat and 
monotonous p la in . The s lope of the region is about 0.3 m/km towards 
Li t t le Gandak. This zone has numerous swamps and l a k e s . 
The Lit t le Gandak which now flows to the upland margin is 
ac tual ly an e r s t - w h i l e channel of the Great Gandak r i v e r . With the 
passage of time it has generated many efjh^meral r i v e r s and oxbowlakes 
which are widely spaced between the present ac t ive channel and the 
i 
Lit t le Gandak through occassional charge of i ts course due north e a s t . 
The Little Gandak and Khanua Valley 
It is cha rac t e r i s ed by numerous stagnant water bod ie s , forming 
lakes and swamps. It is these natural bodies of water which make 
the region topographica l ly different from i ts counter— par t south of 
the Li t t le Gandak r i v e r . The region has a maximum elevat ion of about 
80 m. in the north and a minimum elevat ion of 74 m. in the south. 
Kasia an important town where Budha brea thed his l a s t , is included 
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in t h i s region. The t e r ra in in th i s area is cha rac t e r i s ed by gentle 
s l opes , the fall of the ground level being less than 1 m/km towards 
Li t t le Gandak r i v e r , 
GEOMORPHOLOGY 
An attempt has been made to identify the different geomorphic 
elements of Gandak basin in pa r t s of Deoria d i s t r i c t using remote 
sensing t echn iques . TM LANDSAT Images of band 4 and 5 have been 
used for thematic i n t e rp r e t a t i on . Photographic elements and geotechnical 
elements were used as a tool to identify dififerent features present 
in the study a r e a . 
Geomorphic Elements 
The area under s tudy r ep re sen t s the aggraded flood plain of 
the Great Gandak r i v e r where dynamic changes in the flow regimes 
have taken place since Quaternary per iod arid continuing t i l l date 
leading to the development of var ious erosional and deposl t ional land 
forms in the Gandak r i v e r bas in . For the purpose of de sc r i p t i on , 
the elements were s tudied in isolat ion from t h e i r morphochronological 
sequence. On the bas is of tone, t ex ture etc different t e r races have 
been demarca ted . Three d i s t inc t levels of flood plain are designated 
as Gandak Recent Flood Pla in , Gandak Younger Flood Plain and Gandak 
Older Flood Pla in . 
The different geomorphic units have been recognised through 
image in te rp re ta t ion of TM LANDSAT da t a , are grouped as under 
(Fig . 4a & 4 b ) . 
1. River Terraces 
2. Natural Levees 
3. Point Bar 
4. Channel Bar 
5. Palaeo - Channels 
17 
CO 
as 
M 
CO 
C 
CD 
u 
O 
a. 
CO 
e 
CO 
o 
•H 
oo 
o 
o 
J5 
a 
u 
o 
B 
o 
cu 
a 
i 
LEGEND 
18 
ROAD 
/ 
RAILWAY LINE 
4. 
SETTLEMENT 
CANAL 
^ 
FOREST 
RIVER 
POND/LAKE 
m 
WATER LOGGED AREA 
ORCHARD 
10. T^ SURFACE 
1 1 . 
12 . 
1 3 . 
14 . 
15. 
16. 
17 . 
18 . 
19 . 
2 0 . 
Tt 
To 
S 
« 
^ • ; -
C 
O 
^ 
^ 
^ 
(T 
Tj SURFACE 
T SURFACE 
PALAEO CHANNELS 
SCARS 
POINT BAR 
CHANNEL BAR 
RECENT 
CHANNEL BAR 
VEGETATION 
MEANDER SCROLL 
NATURAL LEVEES 
RIVER DRY 
19 
6, Meander Scrol ls 
7. Meander Scar 
River Terraces: 
The r i v e r t e r r aces seen in the Gandak basin r ep re sen t s the 
ves t iges of Older , Younger and Recent flood plain of the r i v e r . Depen-
ding upon the surface over which these ves t iges are developed and 
t e r r aces have been assigned the i r posit ion in morphochronology of 
the a r e a . The t e r r aces which a re spa t i a l l y associa ted with the Gandak 
Older flood plain a re designated as T^ sur face . Those which are 
associa ted with the Gandak younger flood p la in , have been mapped 
a s T , sur face . The a l luvia l depos i t s occuring within the Gandak Recent 
flood plain as t e r r aces ind i s t ingu i shab le with th Valley floor l e v e l s , 
have been designated to T surfac (Singh and Bajpai , 1990). 
T Surface 
It is developed on Older Alluvium (It can be taken as Padrauna 
Older Alluvium) and occurs at the h ighest l eve l . The t e r r ace 
r ep resen t s the Oldest flood plain in the s tudy a r ea . The development 
of Gandak younger flood plain resu l ted out of the erosion of the T^ 
surfaces now occurs as an i s l and . The microrel ief which sepa ra te s 
the T surface from the T, surface va r i e s from 1 to 2 m. Occasional ly , 
the s lope is s h a r p but genera l ly , due to human ac t i v i t y re la ted with 
cu l t iva t ion , the micro-re l ief changes a re d i sce rn ib le as gentle g r a d i e n t s . 
The boundaries of T t e r r aces a re i r r egu la r and sinuous due to ex tens ive 
er ros ion which has been mul t id i rec t ional and polycycl ic during the 
Post-Gandak o lder a l luvia l p e r i o d . The T^ t e r r aces are i r regu la r in 
d i s t r ibu t ion which suggests that these are remnant of an extens ive 
planer su r face . 
During the course of i n t e rp re t a t i on , it has been found that 
the T^ t e r r ace shows medium to l ight grey photo- tone , the sett lement 
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dep ic t s medium to l ight grey tone and vegetation cover is s can ty . 
The tex ture of t h i s unit is fine and that of human influence is even . 
The unit shows i r regular pa t te rn and s h a p e . 
T^ Surface 
The T^ t e r r aces are developed over the des ica ted surface of 
the Gandak Younger Flood Pla in . To spa t i a l d i s t r i bu t ion of T, t e r r aces 
is ext remely i r r e g u l a r . The boundaries of T, at the lower level a re 
cha rac t e r i s ed by the f i l led up and p a r t i a l l y f i l led up paleochannels , 
The upper level of the t e r race boundaries a re defined by T^ surface . 
The development of T, surface r ep re sen t s a per iod of r e juve -
nation of Gandak drainage system which resu l ted in deep incision into 
the Older Flood Plain d e p o s i t s . The deposi t ion of ' t he finer s i l t and 
alluvium over the exhumed landscape of the Gandak Flood Plain 
resu l ted in the development of a younger Valley floor in the area 
occupied by T, sur face . The t e r r aces morphology developed due to 
rejuvenation of the drainage within the Gandak younger Flood Plain 
manifested by sca r s of paleodrainage seen as p a r t i a l l y f i l led and f i l led 
up channels in the a r e a . The T, t e r races are seen both as pa i red 
and unpaired t e r r aces and as such cannot be assigned to erosional 
or deposi t ional phase of the channel dynamics . 
T surface shows dark photo - tone due to high moisture 
content in the s o i l . 
T Surface 
o 
The T surface is s p a t i a l l y associated with the Recent Gandak 
O K / 
Flood Pla in . The evolution of T is the resu l t of the development 
o 
of entrenched meanders in the Gandak r i v e r channel . The T is havinc 
o * 
a gradat ional contact with the recent flood plain d e p o s i t s . The T 
t e r races are developed as unpaired t e r r aces formed due to the channel 
migrat ion. 
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T surfaces shows dark tone but the sand depos i t s give l ight 
o 
tone, temporary set t lements show l ight tone, vegetation is almost 
absen t . The t ex tu re of the unit is fine which shows i r regu la r pa t te rn 
and s h a p e . 
Natural Levees 
Natural levees occur as low r idges and ra i sed ground forming 
arcuate s t ruc ture para l le l to subpara l l e l with the r i v e r course in 
the a r ea . Natural levees marking former r i v e r posi t ions are present 
on the Younger Gandak Flood Plain mostly in a fragmentary s ta te and 
developed in a reas where the r i v e r channel is cons t r i c t ed . In the 
narrow section of channel , the Volume of the flood exceeds the 
capaci ty of the channel and the stream s p r e a d s . As a resu l t the rap id 
current of r i s ing water s p i l l s overbank , but with the loss in the 
veloci ty reduces i ts load bearing capaci ty and the sediments get 
depos i ted on the banks , the p rogress ive overbank sedimentation build 
up natural l e v e e s . 
The natural levees a re cha rac t e r i s ed by l ight photo- tone , 
prominent re l ief , very low moisture content . Landuse is r e s t r i c t e d 
to human set t lement and grazing l ands . 
Point Bar 
They are found on the convex s ides of meanders and grow by 
indiv idual increments outward into the meander c u r v e . The point bars 
are mostly sandy depos i t s along the convex margin and occur as r i d g e s . 
These are mostly seen along the Gandak r i v e r . Point bars are c h a r a c -
t e r i sed by l ight photo tone, internal d ra inage , paucity of b io -cove r , 
the taper ing outl ines of the landforms and the i r spa t ia l associat ion 
with the r i v e r channel . 
22 
Channel Bars 
The channel bars are c h a r a c t e r i s t i c a l l y developed in the Gandak 
Channel. These are less than ki lometer in length and cha rac t e r i s ed 
by the l inear i ty of the i r t rend inhomogeneity with local orientation 
of the r i v e r channel . These are prominently developed in the v ic in i ty 
of the r i v e r basin and in the topographical maps these a re ident i f iab le 
as sand depos i t s within the channe ls . Channels bar appears l ight 
grey photo tone in the LANDSAT-TM data of band 4 & 5. 
Palaeo Channels 
The scars of the migratory h i s to ry of the r i v e r s in the i n t e r -
fluves and the flood plain of the r i v e r s a re d i sce rn ib l e in the area 
as pa laeo-channe l s . These are local depress ions and have been cut -
off from the main drainage system due to deposi t ional b a r r i e r s accross 
the palaeochannels and occur as pa r t i a l l y f i l led and f i l led , jup scars 
which during floods developed hydrau l i c continuity with th exis t ing 
drainage system of the a r e a . Palaeochannels have high moisture poten-
t i a l . In LANDSAT TM data of band 4 & 5 is shows dark grey photo 
tone. 
Meander Scrolls 
Depression and r i s e on the convex s ide of bend, formed as 
the channel migrated l a te ra l ly down Valley and towards the concave 
bank (Leopold et a l . 1964). In LANDSAT TM data of band 4 8. 5 they 
appear as concentr ic band. 
Meander Scar 
A remnant of the meander spur left as a meander abondoned 
route around it becomes a meander scar (Thournbury, 1984). In 
LANDSAT TM data they show random p a t t e r n . 
PLATE-I 
Marshy areas in the vicini ty of Litt le Gandak Valley 
at T- surfac 
A view of upland and lowland in the area 
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DRAINAGE SYSTEM 
The drainage of the area ul t imately d i scharges i tself into the 
Ghagra, excepting that c a r r i ed off by the Great Gandak, which fal ls 
into the Ganges. All these r i ve r s flow in sou th -eas t e r ly d i rec t ion , 
following the general slope of the count ry . Extensive inundationa occur 
annually in the Gandak bas in , and in years of heavy rainfal l the en t i re 
area is submerged by the Great and Lit t le Gandak r i v e r sys tem. In 
addi t ion to the Great and Lit t le Gandak there a re seve ra l o ther s t r eams . 
In the north the Banri takes it r i s e , flowing past Padrauna and then 
joining the Bansi, an old channel of the Gandak, which falls into 
the r i ve r near T iwar ipa t t i ; while the J h a r a i , r is ing on the eas tern 
border takes a souther ly course and flows past Tamkuhi into Saran. 
In the west the Chief stream is Khanua, which flows to the west 
of Kasia and thence into Bihar , subsequent ly - entering Salimpur 
Majhauli and joining the Li t t le Gandak. Throughout the t rac t small 
lakes are to be lound the liggest of them is Dhanujia and Rambhar 
lake near Kasia. 
Great Gandak River 
The Great Gandak, r i ses in the central mountain basin of Nepal, 
where the seven main s t reams which unite to form th i s r i v e r . After 
passing through the Deoghat h i l l s 45 km north of Indian t e r r i t o r y , 
the united stream flows southwards in a r a p i d s and pools until it 
reaches the Sumeswar range near Tomaspur. Here the descent is very 
r a p i d , and it passes through a narrow gorge between high c l i f f s . 
The Gandak finally leaves the h i l l s at T r iben i , where it is joined 
by the Panchnal and Sonaha , hence the name Tribeni or the confluence 
of the th ree s t r eams . The r i v e r flows in a sou th -eas t e r ly d i rec t ion 
and for a shor t dis tance forms the boundary between th i s (Deoria) 
d i s t r i c t and Champaran, and it flows through the nor thern Bihar plain 
and finally joins the Ganges near Patna, The Great Gandak is a stream 
of f i r s t magnitude, and even in the hot weather i ts volume is immense, 
PLATE-II 
A view of Great Gandak r ive r in i t s bankful stage 
1 
•3Si-^'^ J, 
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f 
Channel deposit of Great Gandak r iver at T surface 
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the minimum d i scharge being at leas t double tha t of the Ganges at 
Hardwar . On i t s f i rs t entry into Indian t e r r i t o r y the bed is stony 
and the water is cold and c l e a r , with a very r ap id c u r r e n t . 
The Gandak is subjected to violent and sudden f loods , which 
cause ex tens ive inundation of the forest t rac t in Nepal and on the 
f ron t ie r , reaching the Chandan, and thus pouring i t s water into the 
Rohin, so that the la t te r is d i r ec t ly affected by the r i s e of the 
Gandak. A s imilar sp i l l into the Li t t le Gandak occur at Domakhand, 
causing that r i v e r to overflow i ts banks , notably in two p l ace s , at 
the f i r s t the flood water s p i l l s into the Banri , which near Padrauna 
unites with the Bansi, an affluent of the Great Gandak, so that i t 
eventual ly finds i t s way back to the r i v e r whence it causes , and 
represents" the cha rac t e r of b ra ided channel which is one that is 
d iv ided into severa l channe ls , success ive ly meet and r e d i v i d e (Leopold 
et a l . 1964). The overflow is taken by Khanua, which flows through 
the Ramabhar Tal , and in swollen condition causes ex tens ive inunda-
tions in the neighbourhood of Kasia. However the Great Gandak e x c e r -
c ises a very decided influence on whole of the Padrauna subd iv i s ion . 
Li t t le Gandak River 
The Lit t le Gandak r e p r e s e n t s an old channel of the Great Gandak. 
Starting in the Baghan forest in Nepal, it flows southwards in a 
channel cal led the Purnahwa ( i . e . an old channel) and hence into 
Indian t e r r i t o r y at the Village of S i t l apur , About a km below th i s ' 
point the channel d i v i d e s , one branch running in a nor th -wes t d i rec t ion 
into the chandan, while the other continues on a southerly course 
as the Li t t le Gandak. For some d is tances it forms the western boundary 
of the Padrauna subdiv is ion and joins the Ghagra near Simaria vi l lage 
in the extreme sou th-eas t corner of the Deoria d i s t r i c t . Except during 
the ra ins the Li t t le Gandak is quite d ry to the north of Domakhand 
forest which always holds Abater. Below Domakhand forest too, i t 
is much reduced after the close of the r a i n s , and for the grea te r 
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par t of th year it is an insignificant s t r eam, seldom exceeding 18 m, 
in w i d t h . 
SOIL TYPES 
The so i l s of the area have been formed by the deposi t ion of 
alluvium (both older and younger) by Gandak r i v e r system and i t s 
t r i b u t a r i e s , and that of sheetwash material of secondary nature in 
swamps and d e p r e s s i o n s . The older a l luvia l depos i t s (T , surface) 
have been in t r ins i ca l ly r ich in l ime, but with profi le development 
much of the lime content has been leached .from the upper hor izons . 
This has taken place in a reas which a re above the present flood levels 
and show some var ia t ion in rel ief and water t a b l e . In areas where 
topographic undulations are the l eas t , the soil is s t i l l r ich in l ime. 
Thus, t h ree major soil groups (Fig . 5} are found in the a r e a : 
( i ) Highly Calcium-leached soi ls ( i i ) Sl ightly calcium leached soil 
( i i i ) Newer alluvium (Khadir) and mixed a l luv ia l s o i l s . 
The whole of the Padrauna Tehsi l is considered as clayey 
T loam, which s t r e t c h e s inland to the Li t t le Gandak and is var ied only 
by two large wedges of up land , which runup nor thwards from the 
Saran d i s t r i c t of Bihar terminating r e s p e c t i v e l y near Padrauna and 
Kasia. The prevai l ing and c h a r a c t e r i s t i c soil is clayey loam, which 
occupies 73.71 per cent . " \ ' " ' 
( i ) Highly Calcium-leached Soils 
Highly Calcium-leached soi ls have developed in the areas of 
o lder a l luvium. Leaching has removed almost all the lime from the 
upper horizons of the soil p ro f i l e . It i s , t he re fo re , d e s i r a b l e to 
designate these so i l s as ca lc ium-leached s o i l s . F u r t h e r , on the bas i s 
of tex tura l different iat ion it can be subd iv ided into the following 
t y p e s . 
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Sandy Loam 
Silty Loam (-' 
^ ^ ^S i l t y Clay 
Clay 
7^ Silty Clay Loam 
Channel Sand 
Mixed Alluvium 
2 0 2 
Fig. 5. Soil map of the area, 
27 
(a) Silty Loam 
Highly calcium-leached s i l t y loam is found in western par t 
of the area along the Li t t le Gandak r i v e r . The surface tex ture is s i l t y 
loam and due to l ighter t ex tu re at a depth of 2 m, the internal 
drainage is good which is a p r e - r e q u i s i t e to save the soil from 
sal in i ty h a z a r d s . The soil is s t i cky and p las t i c when wet but a t t a ins 
good t i l th under optimum moisture l e v e l . 
(b) Sandy Loam 
The sandy loam soil covers almost half of the Tarai zone. 
The surface tex ture is sandy loam which changes to e i the r loam or 
sandy-c lay- loam at in termediate levels and more sandy material at 
greater d e p t h s . The soi l s has a high pr;^oportion of sand; i t is very 
deep and w e l l - d r a i n e d . The soil is yel lowish brown in colour and 
i ts pe rmeab i l i ty is moderate to h igh . 
(c) Silty Clay Loam 
Sil ty clay loam occurs in patches in eas tern pa r t of the study 
a rea . This soil is very deep , imperfect ly ; to poorly d ra ined , and 
is found in areas with level to gentle s lope . The permeability of 
the soil is low because of the higher proportion of c lay . 
(d) Clay 
Clayey soil occurs pa r t i cu l a r ly in swamps and dep re s s ions , 
and also along s luggishly flowing s t r e a m s . This so i l s is very poorly 
drained and remains under water almost throughout the yea r , 
( i i ) Slightly Calcium-leached Soils 
This group r ep resen t s soi ls from which the lime has not yet 
been removed comple te ly . The soil prof i le in t h i s ca se , shows var ious 
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s t a g e s of l e a c h i n g of l i m e . One most common f e a t u r e of t h i s g r o u p 
of s o i l i s t h e a c c u m u l a t i o n of l e a c h e d l ime in s u b - s o i l , a t d e p t h s 
of 0 .5 m to 1.5 m in t h e form of c a l c a r e o u s n o d u l e s of v a r i o u s s i z e s . 
T h i s so i l g r o u p p r o d u c e s s a l i n i t y h a z a r d s a t p l a c e s w h e r e t h e d r a i n a g e 
is p o o r . The so i l i s p o o r l y d r a i n e d d u e to i t s low p e r m e a b i l i t t y and 
^ h igh w a t e r h o l d i n g c a p a c i t y . Water s t a g n a t i o n i s a v e r y common f e a t u r e 
of t h i s s o i l . I t s s u r f a c e t e x t u r e i s s i l t y c l a y loam w h i c h may c h a n g e 
to c l a y a t d e p t h . 
( i i i ) Newer Alluvium (Khadari and Mixed A l l u v i a l S o i l s 
T h i s g r o u p i n c l u d e s r e c e n t a l l u v i u m in t h e f l o o d p l a i n of Gandak 
r i v e r . Absence of p r o f i l e d e v e l o p m e n t i n d i c a t e s t h e r e c e n t n a t u r e of 
i t s o r i g i n . Mixed a l l u v i u m i s found a t t h e o u t e r m a r g i n s of t h e f l o o d -
p l a i n s w h e r e t h e a l l u v i u m h a s been m i x e d w i t h m a t e r i a l s of s h e e t w a s h 
o r i g i n . 
LAND USE PATTERN 
Major p o r t i o n s of t h e l and abou t 93% i s u t i l i s e d for a g r i c u l t u r a l 
p u r p o s e s . Land u t i l i s a t i o n p a t t e r n s of t h e a r e a a r e f u r n i s h e d in 
fo l lowing t a b l e . 
Table 1: Showing d i s t r i b u t i o n of t h e a r e a (1985-86) 
S .No. P a r t i c u l a r s Area ( h e c t a r e s ) 
1. Tota l g e o g r a p h i c a l a r e a 239200.00 
2 . Gross a r e a u n d e r c u l t i v a t i o n 193363.37 
3 . Net a r e a sown 159808.04 
4. F a l l o w land 6144.80 
5. Area u n d e r f o r e s t 392 .03 
6. O r c h a r d s ' 2746 .53 
7. O t h e r u n c u l t i v a t e d land 5545.61 
- 8 Land not s u i t a b l e for c u l t i v a t i o n 20645.93 
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Cropping Pattern 
Following the land use p a t t e r n , the cropping pa t te rn are as 
under : 
Table 2: Showing cropping pa t te rn of the area 
S.No. Pa r t i cu la r s Area (hec ta res ) 
1. Gross cropped area 193363.37 
2. Area under (Summer) crops 153081,42 
3. Area under winter crops 6234.57 
4. Area under r ab i (under winter ) crops 121715.59 
5. Area p repa red for sugarcane 1347.00 
6. Double cropped area 94405.51 
Area and production of main crops 
The pr inc ipa l c rops grown in the area are Paddy , Wheat, 
Sugarcane, Pu lses , Gram, Maize, J awar , Mustard and o ther o i l s e e d s . 
Potato e t c . The area sown under these p r inc ipa l c rops with t h e i r 
production are given in t a b l e . 
Table 3: Showing area and production of main c rops 
S.No. Name of the crop Area (hec ta res ) Production (in tons! 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
Paddy 
Wheat 
Barley 
Maize 
Kidney 
Lentil 
Gram 
Bean 
107538.38 
103934.58 
1718.98 
4385.20 
558 .70 
1877.80 
3826.93 
160969.80 
197622.57 
1780.67 
2097.36 
322.43 
1184.78 
4130.56 
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8. 
9. 
10. 
1 1 . 
12, 
1 3 . 
Ca jan 
Onion 
Mustard 
Potato 
Jute 
Sugarcane 
4524.75 
2513.94 
2927.84 
2291.24 
368 .82 
28616.48 
2496.00 
2500 .82 
1445.10 
19389.85 
757.32 
1583007.10 
IRRIGATION 
I r r iga t ion in the area is being done both by surface water 
and groundwater sources . Area i r r i ga t ed by different sources are given 
as under : = 
Irrigation (1985-86) 
1. Gross i r r iga t ion area 
2. Net i r r i ga t ed area 
(Hectares) 
123153.70 
70209.66 
Mode of irrigation (1985-86) 
Table 4: Showing area i r r iga t ed through different sources 
S . N o . Sources Net i r r i ga t ed area (hec ta re ) 
1. 
2. 
3 . 
4 . 
5 . 
Canals 
Tubewells 
Wells 
Ponds 
Other 
57218 .81 
47475.70 
12202.66 
1586.90 
4669.76 
Total 123153.70 
Perusal of the table indica tes tha t out of the total 123153.70 
hec ta res i r r iga t ed a rea , 47.90% is i r r i ga t ed through groundwater 
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s t r u c t u r e s , 52,101 area is i r r i ga t ed through canal networks and o the r 
sources , 
WATER USE PATTERN 
Groundwater, is an important source of water supply which 
is bas ica l ly a renewable r e source , but the volume of water may vary 
great ly from place to place depending on the c l imate , regional h y d r o -
geology and ra te of groundwater use for ag r i cu l tu re , domestic and 
indus t r ia l pu rposes . The use of groundwater has esca la ted signif icantly 
worldwide since 1960 (F le t che r , 1986), 
Out of the total water resources of the Gandak bas in , 52% 
is der ived from the surface water source and 48% from the groundwater 
source (Fig. 6 ) . 
Estimate of groundwater use of the basin shows that out of 
the total groundwater wi thdrawn i , e , 97.13 MCM 80% is used for i r r i g a -
t ion, 15% for domestic purpose which a lso include l ivestock consumption 
and remaining 5% is used in indus t ry (Fig, 7 ) . 
HYDROMETEOROLOGY 
Cl imate: 
Climat ica l ly , the area enjoys a sub - t rop ica l c l imate . In 
Koppen's scheme of world c l ima tes , i t has been designated as 'Caw' 
humid, s u b - t r o p i c a l , mesothermal cl imate with a temperature of over 
20.2°C and 22,2°C from January to March. Following Koppen's Scheme, 
Rathor and Singh (1971) have demarcated the moisture regions of Uttar 
P r a d e s h , wherein the nor thern par t of Deofia d i s t r i c t is shown as 
C^ (moist sub-humid) while i t s southern part i s denoted as C, ( d r y -
sub-humid ) , 
The climate of the study area is far more moderate than 
that in the western d i s t r i c t s of the s t a t e . The ext remes of heat and 
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Fig. 6 . Pl-diagram showing contribution of surface and ground-
water in the area. 
^ Industrial 
n m Domestic 
[ I 1 rrigational 
Fig. 7. Pi-diagram showing groundwater use pattern in the 
area. 
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cold are r a r e l y exper i enced . The maximum temperature during May 
and June seldom reaches above 41°C and general ly it remains around 
38°C. The subdiv is ion enjoy any cold or bracing weather during winter 
months, and average minimum temperature for December and January 
falls l i t t l e shor t of 10°C, However, Padrauna t ahs i l must s t i l l be 
considered unhea l thy , spec ia l ly those pa r t s which border on T a r a i , 
since fever is the re very prevalent during and immediately after the 
r a i n s . 
In the ear ly summer the a i r is often re f reshed by storms 
from the h i l l s and the burning west winds , so marked a feature of 
'Doabs' ( i . e . land between the Ganga and Yamuna r i v e r s ) seldom 
pers i s t s for more than a few days toge ther , at most prevai l ing for 
two or t h ree weeks in a yea r . Dust s torms are a ra re occur rence . 
For almost all seasons the wind blows from the e a s t . Increase in 
wind veloci ty is also marked v/ith the progress of the hot weather 
season. The average wind veloci ty at Padrauna Town in March is 8 
km/h which increases to 10 km/h in April and 15 km/h in May. Hot 
and scorching dust la iden winds , locally known as ' l u ' blow at t h e i r 
full fury mostly in the afternoons of t h i s season. 
Rainfall '• 
Taken as a whole , the d i s t r i c t rece ive a heavier ra infal l 
than any o ther par t of the s t a t e , except ing the h i l ly t r a c t s , Proximity 
of large expanse of fores ts and the h i l l s in the no r th , secure a more 
abundant p rec ip i t a t ion than in the sou th . Most of the r a in fa l l , occurs 
during June to September by south-west monsoons. During win te r , n o r t h -
east monsoon br ings down a l i t t l e p r ec ip i t a t i on , for the summer c r o p s . 
About 86% of the total rainfal l occurs during the summer south-west 
monsoon. The annual rainfall data of Padrauna raingauge station for 
the period 1901-1989 have been analysed ( append ix -1 ) . The mean of 
89 years of rainfal l for the area is 1298.66 mm. The h ighes t rainfall 
is 2430.27 mm. in 1956 and the lowest recorded to be 574.5 mm. in 
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1977. The de t a i l s of s t a t i s t i c a l ana lys is of the rainfal l data are given 
in table 5. 
Areal Distribution of Rainfall 
Areal d i s t r ibu t ion of the average annual rainfal l in the basin 
is shown in the isohyeta l map (Fig. 8 ) . It may be seen that the 
northern pa r t of the area which rece ives more rainfal l than the sou th-
e r n p a r t . On an average the area rece ives 1300 mm annual rainfal l in 
the north which gradual ly decreases to 1000 mm in south proximal 
to the r i ve r Ghagra. 
Table 5: Results of s t a t i s t i c a l ana lys i s of annual ra infal l at Padrauna 
raingauge s ta t ion , Di s t r i c t -Deor ia , U ,P . 
Highest rainfal l (year) 
Lowest rainfall (year) 
Mean 
Standard Deviation 
Coefficient of Variation (%) 
2430.27 mm. 
574.50 mm. 
1298.66 mm. 
333.088 
25.648 
1956 
1977 
Departures: 
The depa r tu r e and cumulative depa r tu re s from the mean annual 
rainfal l are given in append ix - I and are shown in figure 9a & 9 b . 
The depa r tu re s show wide var ia t ion from the mean indicat ing the e r r a t i c 
nature of the rainfal l whereas cumulative depar tu res end around the 
mean annual rainfal l reflect ing a cumulative compensating effect as 
far as the quantum of excess and defici t rainfal l over a longer per iod 
are concerned. 
Variability 
The coefficient of var ia t ion in the area as analysed is about 
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25.64% which is considerably low. This suggests that the occurrence 
of rainfall in the basin is least variable both in time and space. 
The standard deviation is about 333.088. 
Drought Analysis 
Drought, which is essentially a meteorological phenomenon, 
is being identified based on different criteria like deficiency in 
rainfall, duration of dry period and lowering of water table etc. 
(Ahmad, 1989). In fact, all these factors conspire to produce drought 
with varied intensities. 
The computations are mainly based on the agricultural defini-
tion of drought which takes into account the negative departure of 
rainfall from the mean. The classification used is given in table 6. 
Table 6: R e s u l t s of d r o u g h t a n a l y s i s of P a d r a u n a T a h s i l , D i s t r i c t 
Deor ia 
T y p e of Drought Year F r e q u e n c y of 
O c c u r r e n c e 
1. Mild d r o u g h t - 1902, 1903, 1904. 1905, 1906, 
( 0 . 0 to 25%) jgQg^ ^ygg^ jg^Q^ j g j ^ ^ j g ^ 2 , 
1913, 1914, 1915. 1916, 1917, 
1918, 1920. 1921 , 1922, 1923 , 
1924, 1925, 1926, 1927, 1928, 
1929, 1930, 1931 . 1933. 1934, 
1935. 1936, 1937, 1938, 1940, 85.39% 
1941 , 1943. 1944, 1945, 1946, 
1947, 1948. 1949. 1952, 1953, 
1954, 1955, 1956, 1957, 1958, 
1959, 1960, 1 9 6 1 , 1962, 1963. 
1964. 1965. 1967. 1968. 1969. 
1970. 1971 . 1973. 1974. 1975. 
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2. Normal drought 
(25.1% to 50%) 
3. Severe drought 
(50.1% to 75%) 
4. Very severe 
drought 
1978, 1980, 1981 , 1982. 1983 , 
1984, 1985, 1986, 1987, 1988, 
1989. 
1901 , 1907, 1909, 1932, 1942, 
1950, 1951 , 1966, 1972, 1976, 
1979. 
1977 
n i l 
12.35% 
1.12% 
n i l 
S tudy s h o w s t h a t t h e r e i s no c y c l i c i t y a s s u c h . F r e q u e n c y 
of mi ld d r o u g h t i s 85 .39 p e r c e n t . The f r e q u e n c y of normal d r o u g h t 
i s 12.35 pe r cen t and t h e s e v e r e d r o u g h t i s on ly 1.12 p e r c e n t . 
T h e r e i s no v e r y s e v e r e d r o u g h t r e c o r d e d so f a r . 
CHAPTER - I I I 
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GEOLOGY 
Genera l S t a t e m e n t 
I n d i a i s d i v i s i b l e i n to t h r e e d i s t i n c t p h y s i o g r a p h i c u n i t s : The 
P e n i n s u l a , t h e H ima layas and t h e I n d o - G a n g e t i c p l a i n ( F i g . 1 0 ) . 
P h y s i o g r a p h i c a l l y , t h e P e n i n s u l a i s an a n c i e n t p l a t e a u e x p o s e d 
to d e n u d a t i o n s i n c e Lower P r o t e r o z o i c . I t s moun ta ins a r e of t h e r e l i c t 
t y p e , i t s r i v e r s t r a v e r s e c o m p a r a t i v e l y f l a t c o u n t r y w i t h low g r a d i e n t 
and h a v e b u i l t up s h a l l o w and b r o a d v a l l e y s . The Himalaya i s a r e g i o n 
of f o l d e d and o v e r t h r u s t mounta in c h a i n s , a b o u t 60 m i l l i o n y e a r s o l d . 
I t s r i v e r s a r e you thfu l and a r e a c t i v e l y e r o d i n g t h e i r b e d s in 
p r e c i p i t o u s c o u r s e s and c a r v i n g out d e e p and s t e e p s i d e d g o r g e s and 
flow a c r o s s i t in o r d e r to jo in t h e p l a i n . 
The I n d o - g a n g e t i c p l a i n s a r e b r o a d , mono tonous , l e v e l e x p a n s e s 
b u i l t up of Q u a t e r n a r y a l l u v i u m t h r o u g h w h i c h t h e Himalayan and 
P e n i n s u l a r i v e r s flow s l u g g i s h l y t o w a r d s t h e Bay of Bengal o r A r a b i a n 
s e a . S t r a t i g r a p h i c a l l y , t h e Ganget ic p l a i n s owe i t s o r i g i n to a sag 
in t h e c r u s t , p r o b a b l y fo rmed c o n t e m p o r a n e o u s l y w i t h t h e u p l i f t of 
t h e H i m a l a y a s . T h i s d e p r e s s i o n h a s s i n c e been f i l l e d up by s e d i m e n t s 
d e r i v e d main ly from t h e newly r i s e n H i m a l a y a s w h i c h a r e a c t i v e l y 
be ing e r o d e d by t h e many r i v e r s t r a v e r s i n g t h e m . 
The I n d o - G a n g e t i c p l a i n s i s r e g a r d e d a s a major un i t in t h e 
geology of t h e Ind i an s u b - c o n t i n e n t . I n d o - G a n g e t i c p l a i n i n c l u d e s t h e 
p l a i n s of t h e I n d u s and Ganga p l a i n and a l s o t h e p l a i n s of t h e 
B r a h m a p u t r a and t h e G a n g a - B r a h m a p u t r a p l a i n . The t o t a l a r e a c o v e r e d 
by a l l t h e s e p l a i n s i s more t h a n t h r e e f o u r t h s of a m i l l i o n s q . k m . 
Accounts of t h e a e r o m a g n e t i c s u r v e y s c a r r i e d out in t h e Bengal 
b a s i n (Ramaswamy 1962) , t h e p l a i n s of t h e P u n j a b , U . P . and B i h a r 
( S e n g u p t a , 1962) and t h e B r a h m a p u t r a V a l l e y , in Assam ( C r o m p t o n , 
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1963, Hari Narain, 1965), have p rov ided indicat ions of the basement 
dep ths under these p l a i n s . 
From the evidences a v a i l a b l e , the Indo-Gangetic depress ion 
is d i v i s i b l e into the following five p a r t s (Fig, 11) which from west 
to east a r e : 
The Indus Basin in Pakis tan 
The Punjab Basin in the Punjab 
The Ganga Basin in U , ? , and Bihar 
The Brahmaputra Basin in Assam 
The Ganga-Brahamaputra Basin in West Bengal and Bangladesh. 
Each of these basins may be d iv ided into a shelf zone, and a frontal 
deep par t where the basement l ies at a depth of 3000 m, or more. 
The Indus Basin 
Except the deser t port ions in Rajasthan, a greater par t of 
the Indus basin l ies in Pakis tan , This basin is probably 6000 m. 
deep in Sind, A large th ickness of Te r t i a ry and Mesozic sediments-
have been met under the al luvium. This th ick marine sequence has 
thinned out towards the Rajasthan platform on the ea s t , and towards 
the Sargodha-Wazir is tan r idge to the n o r t h . 
The Punjab Basin 
The Archean basement e i t he r outcroping or occurring under 
moderate th ickness of alluvium in the Lahore-Sargodha a r e a , s epa ra te s 
the Indus basin on the west , from the Punjab depress ion on the e a s t . 
The Punjab depress ion follows a NW-SE and ESE and almost EW course 
in conformity with the t rends of the Siwalik h i l l s . The seismic su rveys 
by the Oil and Natural Gas Commission (ONGC) (Datta et a l . 1964) 
have indicated that the basement surface as well as the sediments 
below the alluvium dip gently towards the foo th i l l s . The basement, 
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however , becomes deep as the foothi l ls are reached with corresponding 
Increase in the th ickness of the sed iments . The maximum depth of 
th i s dep res s ion , about 4.5 km. , was noted near Dasuya (Fig. 12). 
The Brahmaputra Basin of Assam 
The Brahmaputra Basin may be d iv ided into a western and an 
eas tern p a r t s . The western par t lying in between the Shillong and 
Mikir Hills and the Himalayan foo th i l l s , has been named 'The Northern 
Shillong shelf , while the eas te rn par t lying in between the Naga Hills 
and the Himalayas has been named as the Upper Assam S h e l f . The 
western par t is shallow in most of the southern port ions and near 
the foo th i l l s , the sed iment s , mainly the equiva len ts of S iwal iks , at tain 
app rec i ab l e t h i c k n e s s . To the north east of Tezpur the basement 
depth may be more than 3000 m. (Rao, 1973). 
The Upper Assam shelf , has been exp lo red in d e t a i l . Wells 
have been d r i l l e d in different pa r t s of the Brahmaputra p l a i n s . The 
wells at Disangmukh and at Teok s t ruck grani t ic basement at 3800 
m. and 3645 m. r e s p e c t i v e l y . The depth to basement increases due 
north towards the Himalayan foo th i l l s , but becomes shal lower towards 
the Mikir H i l l s . 
The Ganga Basin 
The Ganga bas in , occupying an area of about 250,000 sq.km. 
fal ls within long. 77°E and SS^E and l a t . 24°N and 30°N. The basin 
is bounded on the west by t i e Middle Proterozoic Delhi-Hardwar r idge 
and on the east by the Archean Monghyr-Saharsa r i d g e . To the n o r t h , 
the Canga basin is l imited by the outermost Neogene Siwalik foo th i l l s , 
bounded by the Frontal fault which runs para l le l to the Himalayas 
from west to eas t . Along the southern fringe of the bas in , Bundelkhand 
g r a n i t e - g n e i s s , Delhi Super Group and the Upper Vindhyan Group of 
rocks are exposed . 
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(after M. B. R. Rao and S. N. Sengupla, 1964; courtesy Ind. Gcophy. Union). 
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S t r a t i g r a p h y of the Ganga Basin 
In t h e l i g h t of t h e d r i l l i n g d a t a e n c o u n t e r i n g bed r o c k s of 
t he V i n d h y a n s and B u n d e l k h a n d g r a n i t e a t v a r i o u s p l a c e s sou th and 
n o r t h of t h e Ganga r i v e r by C e n t r a l Ground Water Board ( C . G . W . B . ) 
as we l l a s t h e d e e p d r i l l i n g c a r r i e d out b y t h e ONGC in t h e C e n t r a l 
and n o r t h e r n f r i n g e of t h e Ganga b a s i n g i v e s t h e fo l lowing s t r a t i g r a p h i c 
s e q u e n c e . 
QUATERNARY ALLUVIUM 
N e o g e n e - S i w a l i k s 
-Unconformity 
U p p e r 
M i d d l e 
Lower 
Unconformi ty 
U p p e r P r o t e r o z o i c - U p p e r V i n d h y a n Group of r o c k 
-Unconformity-
U p p e r A r c h e n - B u n d e l k h a n d G r a n i t e ( B a s e m e n t ) 
The B u n d e l k h a n d g r a n i t e w h i c h forms t h e b ig b a t h o l i t h i c mass 
e x t e n d s a c r o s s t h e Ganga b a s i n t o w a r d s t h e Himalayan f o o t h i l l s . P r i o r 
to t h e d e p o s i t i o n of t h ^ U p p e r V i n d h y a n r o c k s i t u n d e r w e n t s t r u c t u r a l 
d i s l o c a t i o n and gave r i s e to two g r a b e n s name ly east and wes t U t t a r 
P r a d e s h s h e l f s w h i l e t h e m i d d l e p o r t i o n r e m a i n d as h o r s t . T h i s h o r s t 
has been named as F a i z a b a d h i g h . T h i c k d e p o s i t s of Uppe r V i n d h y a n 
r o c k s h a v e been e n c o u n t e r e d in t h e f r i nge p o r t i o n a t A l l a h a b a d , 
P r a t a p g a r h and J a u n p u r d i s t r i c t s in t h e e a s t U t t a r P r a d e s h s h e l f and 
at A g r a , M a t h u r a , A l i g a r h , E t a h , B a d a u n , S h a h j a h a n p u r and P i l i b h i t 
d i s t r i c t s in w e s t e r n U t t a r P r a d e s h s h e l f . T h e s e V i n d h y a n r o c k s d i r e c t l y 
o v e r l i e t h e B u n d e l k h a n d g r a n i t i c b a s e m e n t . The b a s e m e n t i s known 
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to s lope due north at an average of 1° to 3°, but that surface is 
r a t h e r i r regula r and must local ly contain h i l l s and Va l l eys . Both 
longitudinal and t r a n s v e r s e faults are present in the basement 
(Krishnan, 1982, Fig . 13) . The Upper Vindhyan rock formations are 
d i s t r i bu t ed between the Moradabad fault in the west and Monghyr-
Saharsa r idge to the east except the Faizabad high where no sediments 
older than the Siwaliks are r epor t ed to o v e r l i e . After the d e p o s i -
tion of the Upper Vindhyans they underwent erosion r igh t from 
Cambrian times to lower Miocene p e r i o d . During the middle Miocene 
the Siwalik rocks were deposi ted on the eroded and uneven surface 
of the Upper Vindhyans upto upper Plieocene which was immediately 
followed by the t h i r d but very voilent ep isodes of the Himalayan 
Orogeny and as an aftermath a greater port ion of the nor thern fringe 
of the peninsula underwent large scale faulting and subs idence . This 
event was then followed by the deposi t ion of Quaternary Alluvium 
which fi l led up the depress ion giving r i s e to the present configura-
tion of the Ganga bas in . 
Tectonic Framework 
On the bas is of the de ta i led Geophysical su rveys followed 
by the deep d r i l l ing in the Ganga bas in , i t s tectonic framework 
has been evaluated which consis ts of a l ternate r idges and d e p r e s s i o n s . 
The term r idge as appl ied to the s t ruc tu ra l features of the 
Ganga plains refers only to the l inear aeromagnetic anomalies and 
should not be understood in the normal sense of t e rm. These ' r i d g e s ' 
might have formed important topographic d iv ides at the time of 
Vindhyan deposi t ions but subsequent ly peneplaned and the over ly ing 
Siwaliks occur with near ly uniform th ickness across these r i d g e s . 
S imi la r ly , the word "basin" appl ied to areas between these r i d g e s , 
should not be understood as represent ing t ru ly synclinal depress ions 
(Karunakaran & Rao 1976). 
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The main tectonic sub-d iv i s ions (Fig . 14) from west to east 
are as follows: 
1. Delhi - Hardwar r idge 
2. VVest Uttar Pradesh shelf 
3. Sarda depress ion 
4. Faizabad r idge 
5. East Uttar Pradesh 
6. Gandak depress ion 
7. Monghyr - Saharsa r idge 
The Delhi Hardwar ridge 
The Delhi-Hardwar r idge r ep re sen t s a no r th -no r th -eas tward 
extension of the Delhi folded b e l t . The shallow cha rac te r of th i s 
subsurface r idge is apparent from the nor thward deflections of the 
aeromagnetic contours . The western l imit of* the Ganga basin is 
p robab ly del imited by the Delhi-Hardwar r idge and the o ldes t 
sedimentary sequence in the bas in , namely the Vindhyans , may gradu-
al ly th in out towards th i s r i d g e . 
Sarda Depression 
It IS tectonical ly d is t inguished on the bas is of inferred 
sedimentary th ickness of more than 6,000 m and bounded by Araval l i 
Horst to the northwest and by Faizabad r idge to the sou theas t . The 
E-Vv Dudwa r idge marks i ts nor thern f r inge. The Vindhyan sequence 
forms the floor for Ter t ia ry sedimentat ion as seen in T i l h a r , Puranpur 
and Ujhani we l l s . In the Central par t of t h i s depress ion a wedge 
of Paleogene sediments is present bounded both on top and bottom 
by unconformities (Raiverman et a l . 1983). 
The West Uttar Pradesh shelf 
The west Uttar Pradesh shelf has been explored by two deep 
and four s t ruc tura l we l l s . This can be broadly subd iv ided into two 
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p a r t s , namely, the area east of Moradabad fault and the area west 
of i t . The pre-Siwal ik sequence in west Uttar Pradesh shelf is c h a r a -
c t e r i s ed by the development of several second and third order 
s t ruc tu res namely, the Badaun-Shahjahanpur a r c h , Ujhani s t ruc ture 
and other s t ruc ture west of Etah. Two major NE-SW trending great 
boundary fault has been shown on the map (Fig, 15), the eas tern 
one can be t raced from near Dataganj towards southwest where i t 
approximate ly coincides with the faulted contact of the Araval l i 
folded belt with the Vindhyan ou tc rops . The Moradabad faul t , de l ine -
ating the western margin of the Sarda dep res s ion , is thought to 
be the extension of the great boundary fault of eas tern Rajasthan 
which sepa ra te s the mildly d i s tu rbed Vindhyan from the complexly 
and repea ted ly folded Araval l i Group. 
The Faizabad Ridge 
The Bundelkhand Massif, occupies the central par t of the 
Vindhyan bas in . The nor theas te rn extension of the massif in the 
subsurface of the Ganga basin is known as Faizabad r idge which 
has played a significant role during the deposi t ion of Vindhyan 
sed iments . The presence of Vindhyan sediments is doubted and Neogene 
sequence seems to d i r ec t ly ove r l i e the basement. However, central 
Ground Water Board has encountered the Vindhyan sequence over ly ing 
d i r ec t l y on Bundelkhand Granite (Fig . 19) . 
The Monghyr-Saharsa Ridge 
The Monghyr-Saharsa r idge r ep re sen t s a NE projecting basement 
promontory of the Chotanagpur plateau and is l ike ly to be composed 
of rock complexes of the Satpura folded belt (Sastr i et a l . , 1971). 
The boundary of th i s r idge is del ineated on the bas is of g rav i ty 
ground magnetic and seismic data of the ONGC, which indicate that 
the sedimentary th ickness over t h i s r idge does not exceed 3,000 m. 
and that the Neogene sediments d i r e c t l y ove r l i e the basement. The 
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regional t rend of the aeromagnetic contours are general ly e a s t - w e s t . 
The East Uttar Pradesh Shelf 
The east Uttar Pradesh shelf is del ineated by the Monghyr-
Saharsa r idge to the east and Faizabad r idge to the wes t . - The 
outcropping Vindhyans of the Son Valley and the basement form the 
southern border of t h i s zone. This shelf merges to the north into 
the Gandak dep re s s ion . The shelf area in the east U .P . and Bihar 
pa r t s is less wide than in the west U .P , p a r t . The folding in the 
formations below the unconformity zone here is far less in extent 
than noted in the west U.P . shelf . In t h i s p a r t , the geophysical 
evidence tends to show that the basement which is at a depth of 
a few hundred metres south of Ghazipur on the banks of the Ganga, 
goes down gradual ly deeper towards the north (Rao, 1973). The 
basement here is the down faulted par t of the Bundelkhand grani t ic 
complex which is over la in success ive ly by the Vindhyan and Neogene 
sequences . A major n o r t h - e a s t e r l y trending faul t , with a downthrow 
to the southeast is t raced from near Sahasram in the southwest through 
Muzaffarpur up to the Indo-Nepal border (Pa thak , et a l . 1985). 
Groundmagnetic su rveys of the southern p a r t s of the east 
U .P . shelf has del ineated severa l faults which have control led the 
tectonics of the region. The magnetic anomalies differing both in 
ampli tude and the i r na tu re . 
Domain 2 
Domain 2 is cha rac t e r i s ed by low amplitude (100-400 gamma) 
e l l i p t i c a l anomalies having regional dimension. Individual ' lows* and 
' h i g h s ' vary from 30-150 km in length and 10-20 km in w i d t h . The 
trend of the anomalies are general ly ENE-WSE (Das et a l . 1990). 
These anomalies occur as pa i r s of ' l ows ' and ' h i g h s ' as expected 
in t h i s low la t i tude implying that one such ' pa i r cons t i tu tes one 
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causat ive source . A magnetic anomaly pai r (MH-l and ML-1) is seen 
to run throughout th i s domain from west to east all along the Vindhyan 
ou tc rop . There are five such anomaly pa i r s sp read over the en t i r e 
Son Valley occupying the nor theas te rn par t of the Vindhyan basin 
and bordering the Indo-Gangetic p l a i n s . 
Domain 4 
Domain 4 occupies the en t i re Gangetic a l luvial t e r r a in below 
which subcrops of Vindhyans are known to e x i s t . The pat tern of 
these anomalies suggests the presence of e i t h e r domal-shaped remnants 
of the Proterozoic Mahakoshal Group below the Vindhyan or some 
b a s i c / u l t r a b a s i c in t rus ive b o d i e s . The upper Archean Bijawars now 
designated as ear ly Proterozoic or Mahakoshal Group or profoundly 
intruded by the u l t r abas i c in t rus ive b o d i e s . The age of such 
in t rus ive bodies has been dated as 2.4 B .Yrs . (Crawford & Compston 
1970). 
Several l inear features have been in t e rp re t ed from the magnetic 
contour map (Fig . 16) . These essen t i a l ly r ep resen t the (1) boundaries 
of different magnetic domains (Domain 1 and 2) and (2) fault system 
which can be c lass i f ied into th ree broad g roups . The most predomi-
nant type has an ENE alignment and extends over 100 km. The second 
group has a NW alignment and also continues over large d i s t ances . 
The t h i r d group trending NE is however l imited in ex ten t . 
The basement relief map (Fig, 17) shows that the eas tern 
par t is dominated by a central r idge extending from Khondari to 
Varanasi which most probably is the extension of the (Satna-Semaria) 
r idge and r ep resen t s basement s t ruc ture re la ted to the Vindhyan 
rocks under the Indo-Gangetic al luviumi Para l le l to th i s centra l r i d g e , 
the re are two ' h i g h s ' towards north and south of Varanasi forming 
a nor th-south s t r ik ing domal-shaped plateau surrounded by depress ion 
of the o rder of 2-3 km. These s t ruc tures around Varanasi do not 
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provide any significant reflect ion in the Bouguer anomaly except for 
a few kinks (Fig. 18, NGRI, 1978) suggesting tha t they are basement 
highs control led by faults common in sedimentary b a s i n s . The presence 
of Mahakoshal rocks in pa tches even in the region, spec ia l ly along 
Khondari-Varanasi r idge cannot however be ruled out . This is indicated 
by the observat ion that the kinks in the Bouguer anomaly c o r r e s -
ponding to Khondari-Varanasi r idge merges into a nor th-south local ized 
Bouguer ' h i g h s ' around Sasaram and Ghazipur , east of Varanasi , 
corresponding to the magnetic anomalies of Domain 4, which have 
been regarded as the signature of the remnants of Mahakoshal Group 
of rocks in th i s region. However, in opinion of the au thor , the 
presence of Mahakoshal cannot be just i f ied only on the bas i s of 
high magnetic anomaly and the presence of few kinks of Baoguer 
anrmaly. The high magnetic anomaly along with the few kinks of 
Bcuguer can be a t t r ibu ted to the large scale u l t r a - b a s i c in t rus ives 
within the Bundelkhand Granitic massif i tself r a the r than the 
Mahakoshal group of r o c k s ; which is suppor ted by the d r i l l ing data 
at Tis t i where these u l t r abas i c dykes have been encountered (Fig. 19) . 
F u r t h e r , th i s is subs tan t ia ted by the borehole data where 
alluvium d i r ec t l y ove r l i e s the Bundelkhand Grani te , such as Kanpur, 
Rai Bareli and at many places l ike Jaunpur and Pratapgarh where 
the Upper Vindhyans d i r e c t l y ove r l i e the Bundelkhand Granitic massif. 
The Gandak Depression 
The Gandak depress ion is d i s t inguished from the east Uttar 
Pradesh shelf on the bas is of sedimentary th ickness of more than 
6,000 m. At Jayanagar near the Indo-Nepal b o r d e r , forming pa r t 
of the Gandak deep (Sastr i et a l . 1971, Rao, 1973) and Karunakaran 
and Rao, 1976. The s t rongest negative grav i ty anomalies are noted 
in th i s por t ion . Perhaps in the whole of the Gangetic basin th i s 
is the deepes t depress ion in the basement (Fig . 20) . The only deep 
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well which has been d r i l l ed at Raxaul in the Gandak depress ion 
to a total depth of 4,900 m, has furnished some important s t r a t i -
graphic information. The unconformity between Neogene and Vindhyan 
zone was met at 4,128 m. depth and below t h i s , the lower 772 m. 
consisted of sands tones , shale and quar tz i t e s and basic t r a p s . There 
are two views regarding the age of these formations below the 
unconformity zone. Fuloria (1969) regards these sediments of an age 
much la ter than the Vindhyans , and the bas ic t r a p s co r re la t ed with 
the Rajmahal t r aps which is of Upper J u r r a s i c age (Krishnan, 1982). 
On the evidence of Palynological da ta and the associat ion of Volcanic 
r o c k s , Fuloria lias suggested Permian to Mesozoic age for these forma-
t ions . Sastr i et a l . (1971) on the o ther hand, regard these rocks 
as of Vindhyan age, except for a thin zone of 67 m. the s t r a t i g r a p h i c 
affinity of which is uncer ta in . Although igneous ac t iv i ty is known 
in the Vindhyan pe r iod , the basic t r a p s met in the Raxaul well 
do not appear to have the c h a r a c t e r i s t i c s of the t r a p s associated 
with the Vindhyans. L i t hos t r a t i g r aph i c de t a i l s of the Raxual well 
are as follows: 
Alluvium and 0 m. - 1500 m. Grey,' Coarse to medium and 
Up.Siwalik Pebbly sands tones , f r iable 
with subord ina te c l a y , o v e r -
lain by a l luvial sand and s i l t 
with kankar calcareous , conc-
re t ions ) . 
Mid. Siwalik 1500 m. - 3200 m. Light g r e y , medium to fine 
sand- s tones , micaceous and 
calcareous with mottled s i l t -
stone and c l a y . Occasional 
carbonaceous s t r e a k s and 
fossil wood are p r e s e n t . 
Lr. Siwalik 3200 m. - 4128 m. Chocolate brown, calcareous 
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claystones with s i l t s tone and 
fine sandstone in a l t e rna t ions . 
Unconformity-
? 4128 m. - 4195 m. Reddish brown quar t i z i t e sand-
stone with chocolate brown 
shales with bluish green 
Var iegat ions . 
Vindhyan ? 4195 m. - 4901 m. Essent ia l ly cu r ren t -bedded 
o r thoqua r t z i t e s , occasional ly 
pebbly and conglomeratic .with 
jasper and metaquar tz i te 
pebb les and thin greenish 
grey to p inkish grey and 
purp le shale l enses . Several 
ve r t i ca l f rac tures are present 
in the r o c k s . Basic igneous 
rocks are presen t between 
4195 to 4315 and 4365 to 
4410 m. 
The significant s t r a t i g r a p h i c data from the well a re : 
(1) The Neogene section (Siwaliks) is about 4110 m. th ick over ly ing 
unconformably about 70 m. th ick chocolate brown sha les with q u a r t -
zite sandstone of unknown s t r a t i g r a p h i c aff ini ty . (2) A very th ick 
o r thoqua r t z i t e section ( + 706 m) with basic igneous rocks i s present 
in the we l l . The o r thoquar t z i t e s contain sub-rounded (0 ,6 -0 .8 ) coarse 
gra ined , de t r i t a l quartz g r a i n s , with a few showing s i l i ca o v e r -
g rowths ; the matrix though subordinate is d i s t r i bu t ed throughout 
the rock , and the quartz grains are inequigranular . Rare grains of 
fe ldspar are noted. The highly current bedded nature of sandstone 
with the presence of pebb les of quar tz i t e and jasper in the rock 
indica tes a shallow water , near shore environment of deposi t ion 
(Sas t r i , et a l . 1971). 
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A sample of t h i s rock from 4239 - 4242 m. was studied in 
the Moscow Petroleum Research Ins t i tu te and the age of the rock 
was indicated as Archean (though the method followed was no 
communicated). Because of the s imi l a r i t y of the associated o r t h o q u a r -
tz i tes with Vindhyan o r t h o q u a r t z i t e s , it is pe rhaps reasonable to 
assume t i l l fur ther data are a v a i l a b l e , tha t t h i s section may rep resen t 
par t of the Vindhyan sequence (Sastri et al . 1971). However, in 
the opinion of the author jasper pebb le is a pos i t ive indica tor tha t 
the depos i t is of Upper Vindhyan in age which had the Bijawars 
of the son Valley as the source a r e a . The Banded Hematite jasper 
is the chief c h a r a c t e r i s t i c s of the Bi jawars . The pebb les of J a spe r 
is the most predominent components of tlje basal conglomerate of 
the Lower Vindhyan in Son Valley (Auden, 1933). 
According to Karunakaran and Rao (1976) the lower Siwaliks 
ove r l i e s the p r e - T e r t i a r y sequence, extending upto the d r i l l e d depth 
4901 m. Equivalent of Subathu and Dharmsala (Upper Palaeocene to 
lower par t of Upper Eocene) were absent in t h i s we l l . The P r e -
Ter t i a ry sequence consis ts of coarse grained o r t h o q u a r t z i t e s , red 
sha les and basic igneous r o c k s . The l i thology of the q u a r t z i t e s , 
is s imi lar to the Muikhola formation (Ranga Rao et a l . 1962-63) out-
cropping on the Maha Bharat Lekh, north of Dang Valley in western 
Nepal. The th ickness of Neogene sediments as revea led by deep 
dr i l l ing at Raxual and Gandak an 4128 m. and 3600 m. r e s p e c t i v e l y . 
The th ickness of alluvium and Upper Siwal iks a re 1500 m. and 675 m. 
r e s p e c t i v e l y . 
The tenta t ive basement depth contour of the Vindhyan, for 
the' Ganga basin is p repa red from the ava i lab le seismic data (Hari 
Narain et a l . , 1982) (Fig . 21) . The map in general shows tha t the 
basement gradual ly s lopes towards the north and the deepes t par t 
l ies close the Himalayan foo th i l l s , north of Gorakhpur (Sr ivas tava 
et a l . , 1983). A number of hors t and garben s t ruc tu res within the 
Vindhyan have been mapped by seismic method, which has been 
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r e spons ib le for the abrupt var ia t ion in the th ickness of Vindhyan_ 
sediments (Fig. 22). The Seismo-geological section across the Ganga 
basin has brought out the features very wel l , across the prominent 
Bundelkhand Massif and subsurface Faizabad r idge (Fig . 23) . 
Origin of the Indo-Gangetic Plain 
There are various views regarding the origin of Indo-Gangetic 
p la in . 
Suess (1904-1924) was f i r s t to suggest that the Indo-Gangetic 
depress ion is a ' f o r e - d e e p ' which was formed in front of the high 
crust waves of the Himalayas as they were r e s i s t ed in t he i r southward 
migration by the r ig id land mass of the Peninsula (Wadia 1957). 
Burrard (1915) i n t e rp re t ed it as a great r i f t va l ley which was la t te r 
f i l led up with alluvium of the th ickness 4.5 km (Oldham, 1917) 
to 20 km (Pascoe, 1964). A more recent view rega rds i t as a sag 
in the c r u s t . But at present it is general ly accepted that the Ganga 
basin was formed as a resu l t of buckling down of the nor thern fringe 
of the peninsular sh ie ld th rus t over from north (Krishnan, 1968). 
Valdiya (1982), i n t e rp re t ed it as a resul tant effect of sagging of 
the nor thern flank of the platform around the Bundelkhand s h i e l d , 
following the main episode of the Himalayan Orogeny. The depressed 
platform became the s i te of sedimentation by vigorous fluvial agencies 
predominantly from the newly r i sen Himalayas. 
P r e sen t ly , Indo-Gangetic Plain is considered a p e r i p h e r a l 
foreland basin (Dickenson, 1974), formed as a resu l t of cont inent-
continent col l is ion between Indian and Asian P l a t e s . Foreland basins 
are asymmetrical and deepest near to the fo ld - th rus t be l t ; they 
migrate towards the foreland and have resu l ted from downward 
flexturing of the l i t hosphe re by the over r id ing fo ld - th rus t bel t 
(Beaumont, 1981), the evolution of the foreland basin being coupled 
to that of i ts adjacent mountain bel t (Mitchell and Reading, 1986). 
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According to Mitchell and Reading (1986), the most impress ive p r e s e n t -
day p e r i p h e r a l foreland basin is the Indo-Gangetic trough (Fig. 24) 
south of the se ismical ly ac t ive Himalayas. The basin has developed 
on the under th rus t Indian Plate and due to loading of th rus t sheet 
in the Himalaya, causing a v i scoe las t i c f lexture in the c rus t allowing 
sediments to accumulate under fluvial p r o c e s s e s . 
Recently Singh (1988) and Singh & Ghosh (1988) and Singh 
(1989), consider the Gangetic Plain is a par t of act ive foreland 
basin ( P e r i p h e r a l - t y p e ) developed on the under thrus t ing Indian P la te , 
in response to the th rus t - fo ld belt loading in the Himalaya. During 
th rus t - fo ld loading tectonics in the Himalaya, the Son-Narmada l ine-
ament (Fig. 25) much to the south of the foreland basin was r e a c t i -
va ted , causing uplif t of the Bundelkhand-Vindhyan Plateau and 
development of nor ther ly s l ope . The ra t e of subsidence of the o ld , 
r ig id and cold crust of Indian sh ie ld was also low and sediment 
input by r i v e r s h igh , so tha t no marine t ransgress ion during Neogene-
Quaternary time could enter into t h i s foreland bas in . 
Sub-surface Geology of the Area 
The area under review is the pa r t of central Ganga basin 
and lies in the nor th -cen t ra l port ion of Gandak dep re s s ion . In o r d e r 
to determine the sub-surface geological s e t - u p , bore hole data of 
the tubewel ls were u t i l i sed and geological c ross - sec t ion were p repa red 
(Fig. 31) . The area is under la in by a th ick sequence of unconsolidated 
Quaternary sediments , depos i ted by Ganga r i v e r sys tem, p r inc ipa l ly 
the Gandak r i v e r . The formations are chief ly composed of sand, 
s i l t , clay and kankar (Carbonate nodu le s ) . The geological sect ions 
indicate that the sediments vary in t ex tu re and th ickness both 
l a t e ra l ly and v e r t i c a l l y . The sand and clay beds often occur as 
lenses in one another . Thickness of alluvium increased in nor theas t 
d i rec t ion towards the present channel of Gandak r i v e r . 
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Fig. 24. Map' showing continental collison of Indian and Arabian plates 
with area including fore-land of Indo-Gangetic trough. 
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Fig. 25. Map shows Son-Narmada lineament. 
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The probable geoloKical sequence of the study a rea , in the 
l ight of d r i l l i ng data of Raxaul we l l , is as fol lows. 
A Alternate beds of sand and c l a y , Q 
occasional ly intermixed with ca lca -L A 
U reous concre t ions . T 
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HYDROGEOLOGY 
Lot of developments have taken place and scient i f ic 
procedures are ava i lab le for evalua t ion , analys is and management 
of groundwater r e sou rces . However, R & D effort has to be enlarged 
so that the evaluation of groundwater can be ca r r i ed out on a 
more sc ient i f ic ways to fill in the gaps and app rop r i a t e ly d e v e -
loped s t ra teg ics evolved for a l luvia l reg ions . ' 
In o rde r to accomplish t h i s to the des i r ed level adequate 
attention has to be given on various aspects of groundwater 
r e source , evaluat ion, planning and development . 
Keeping the above in v iew, de ta i l ed hydrogeological 
invest igat ions have been ca r r i ed out in pa r t s of the Gandak s u b -
basin of Padrauna subd iv i s ion , d i s t r i c t Deoria, for groundwater 
resource assessment , development and management. 
HYDROGEOLOGICAL SETTING 
The state of Uttar Pradesh covers a major par t of the 
Ganga Basin which is considered as one of the biggest ground-
water reervas ion of the wor ld . Out of a total area of 234,413 
s q . kms. of the s t a t e , an area of 2,00,492 s q . k m s . has been 
covered by sys temat ic hydrogeological s u r v e y s . Based on p h y s i o -
graphy and the hydrogeological condit ions the s ta te can be d iv ided 
into the following five hydrogeological zones (Fig. 26) . The 
boundaries of these zones are approximate and more de ta i led s tudies 
are requ i red for p rec iese demarcat ion. However, the areas of 
each zone has been ca lcu la ted . 
The 'Bhaba r ' and ' T a r a i ' zone and the major pa r t s of 
the Central Ganga Alluvial Plain have ex tens ive and highly 
3 
productive aquifers capable of yielding more than 150 m /hour. 
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Fig. 26. Hydrogeological division of Uttar Pradesh. 
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Table 7: Showing hydrogeological zones of Uttar Pradesh 
Zone Sub-zone Approximate area 
i n s q . k m s . 
1. Himalayan Lesser and Central 59,257 
Himalayans 
Sub-Himalayan or c 3,000 
Siwalik 
2. Intermontane 1,020 
val ley 
3. Alluvial Tract Bhabar 2,460 
Tarai 11,200 
Central Ganga Plain 176,000 
Marginal Alluvial Plain 119,728 
4. Vindhyan Terra in 10,468 
•j. Eundelkhand 11,280 
Granitic Terrain 
In genera] , the yield p rospec t s of the Marginal Alluvial Plain 
3 
is r e l a t i ve ly less than 150 m /hour , where the aquifers are 
commonly lent icular and of l imited ex ten t , although the nor thern 
par t of the bel t does contain ex tens ive and potential aqu i f e r s . 
Hydrogeology of the above five zones is summarised in the 
following p a r a g r a p h s . 
HIMALAYAN ZONE 
The Himalayan zones have been d iv ided into two sub-zones 
v i z . the lesser and Central Himalayan sub-zone . The two sub-zones 
are separa ted by the main boundary faul t . 
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The Himalayan zone is underlain largely by sedimentary 
rocks of Palaeozoic to Cainozoic Era, which have been grea t ly 
deformed and metamorphosed during the orogeny of the Himalayas. 
The high land is d issec ted by deep gorges and narrow v a l l e y s . 
The l i thological units include sandstones s h a l e s , c lays and conglo-
merates of Neogene Siwaliks followed due north by the p e l e t i c , 
arenaceaous and calcareous sediments and the c r y s t a l l i n e s of the 
Central Himalayas. 
INTERMONTANE VALLEY 
"Doon Valley" is the most prominent intermontane val ley 
is a sp ind le shaped, tectonic val ley bordered by Lesser Himalayas 
in the north and the Siwalik ranges in the south . The val ley 
is underlain by unconsolidated sediments comprising boulders 
c o b b l e s , p e b b l e s , g rave ls mixed with sand. Groundwater in the 
val ley occurs under water t a b l e , condition and water l eve ls are 
general ly very d e e p . 
3 
The d i scharge of the tubewel ls va r ied from 50 to 180 m /hour 
for drawdowns varying from 0.7 to 8.4 me t r e s . The coefficient 
of pe rmeab i l i ty of these aquifers ranges from 15 to 250 m/day . 
ALLUVIAL PLAIN 
The Ganga a l luvial plain extends in a NW-SE di rec t ion and 
s p r e a d s over an area of 209, 388 s q . k m s . This lowland occupies 
a great c rus ta l down-buckle formed between the mobile orogenic 
belt of the Himalayas and the Static Peninsular sh ie ld and was 
f i l led up with the Quarternary alluvium which at places at ta ins 
a th ickness of more than 1000 m. This zone contains the most 
potential groundwater r e se rvo i r in the s t a t e . This is d iv ided into 
four sub-zones v i z . Bhabar , Ta ra i , Central Ganga Plains and 
Southern Marginal P la ins . 
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( i ) Bhabar or Piedmont Zone 
The nor thern boundary of the Bhabar belt is general ly 
marked by the southern edge of Siwalik h i l l ranges and the southern 
limit is cha rac t e r i s ed by the spr ing l i ne s . The general width 
of ' B h a b a r ' belt ranges from 10 to 30 kms . The 'Bhaba r ' be l t 
is composed of piedmont depos i t s formed by la tera l coalescence 
of fan depos i t s of innumerable s t reams emerging out of the h i l l s . 
L i thologica l ly , Bhabar belt is mainly const i tuted by boulders and 
pebbles mixed with sand. Groundwater in these depos i t s is mostly 
unconfined and the water table is general ly deep being 30 metres 
or more below land sur face . Perched water bodies are of common 
occurrence t h e r e . 
Inspi te of holding good ground water po ten t i a l , the nor thern 
fringe of t h i s bel t is diff icult for groundwater . The tubewells 
3 
down to 100 metres depth general ly yie ld between 97 to 227 m / 
hours for drawdowns varying between 2.7 and 9.7 me t res . The 
hydrau l i c conduct iv i ty of the aquifer is est imated to range between 
15-250 m/day . However, along the southern margin of the bel t 
the water t ab le in te r sec t s the land surface and gives r i se to a 
line of s p r i n g s . 
( i i ) Tarai 
The spr ing marks the nor thern l imits of the Tarai b e l t . 
However, the southern l imits is about 8 to 16 ki lometres wide 
and runs para l le l to the ' B h a b a r ' on the sediments of ' T a r a i ' 
be l t are predominently composed of clay with in terca la t ions of 
sands of various grade and occassional pebbles and bou lde r s . 
This belt is cha rac t e r i s ed by the local ised occurrence of flowing 
condit ions with piezometr ic heads above ground l eve l . The top 
aquifers are general ly unconfined and the water tab le is normally 
within four metres below land surface . The d r i l l ing has been ca r r i ed 
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out down to maximum d e p t h of 300 m e t r e s . The p r i n c i p a l a q u i f e r s 
c o m p r i s e s a n d s of v a r i o u s g r a d e s and g r a v e l o c c u r i n g in t h e d e p t h 
r ange b e t w e e n 25 m e t r e s and 298 m e t r e s . The p i e z o m e t r i c h e a d 
in t h e f lowing w e l l s of t h i s zone v a r i e d b e t w e e n 6.60 and 8.90 
m e t r e s a b o v e ground l e v e l w h i l e in t h e non- f lowing w e l l s i t r a n g e d 
b e t w e e n 1.65 and 11 .20 m e t r e s be low g round l e v e l . Some t u b e w e l l s 
c o n s t r u c t e d in t h i s b e l t gave a f r ee flow v a r y i n g from 90 to 220 
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m / h o u r and t h e i r p i e z o m e t r i c h e a d s v a r i e d from 1.55 to 8 .69 
m e t r e s a b o v e ground l e v e l . The r e c h a r g e of g r o u n d w a t e r in t h e 
conf ined a q u i f e r s , most p r o b a b l y , t a k e s p lace from t h e B h a b a r 
b e l t . 
( i l l ) Central Ganga A l l u v i a l P la in 
The n o r t h e r n l i m i t of t h i s s u b - z o n e i s t h e s o u t h e r n l i m i t 
of t h e ' T a r a i ' . The Yamuna r i v e r and p a r t of t h e Ganga on down 
s t r e a m of i t s conf luence wi th t h e f o r m e r form t h e s o u t h e r n l i m i t 
of t h i s s u b - z o n e . S t r e t c h i n g from w e s t - n o r t h - w e s t to e a s t - s o u t h -
e a s t , t h i s b e l t c o v e r s t h e major p a r t of t h e s t a t e and c o n t a i n s 
s e v e r a l p o t e n t i a l - a q u i f e r s at d e p t h s . The a l l u v i u m i s composed 
of g r a v e l , s a n d s of v a r i o u s g r a d e s , s i l t and c l a y in v a r y i n g 
p r o p o r t i o n s . The b e d s a r e g e n e r a l l y l e n t i c u l a r and t h e r e a r e r a p i d 
a l t e r n a t i o n s and g r a d a t i o n s be tween g r a n u l a r and c l a y e y h o r i z o n s . 
The n e a r s u r f a c e ground w a t e r i s unconf ined w h i l e d e e p e r a q u i f e r s 
l y ing be low 100 m. a r e u n d e r conf ined c o n t i o n s . Ground w a t e r 
e x p l o r a t i o n in t h e b e l t h a s l a r g e l y been r e s t r i c t e d to t h e C e n t r a l 
and E a s t e r n p a r t s of t h e s t a t e . 
S u r s u r f a c e g e o l o g i c a i c o r r e l a t i o n of t h e a q u i f e r s h a s been 
a t t e m p t e d on t h e b a s i s of t h e l i t h o l o g i c a l logs of d i f f e r e n t e x p l o r a -
t o r y b o r e h o l e s d r i l l e d in ^h i s r e g i o n . T h i c k n e s s of t h e o r d e r 
of 330 m e t r e s of g r a n u l a r zones h a s been e n c o u n t e r e d in a b o r e h o l e 
at K u r n i , in J a u n p u r d i s t r i c t . The e i f g c t i v e t h i c k n e s s of t h i s 
11 \:c Ace No. 
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granular zone is reduced to the west as a resu l t of frequent clay 
in t e rca l a t ions . The clay overburden shows a marked increase in 
th ickness from Kanpur e a s t w a r d s . The th ickness of the major aquifer 
var ies from less than 20 metres to as much as 330 met res . 
Depth to water level in tubewel ls general ly ranged between 
2 and 12 metres below land sur face . The d i scha rge of deep 
3 
tubewel ls ranged between 100 and 300 m /hour for drawdowns of 
6 to 10 me t r e s . 
( iv ) Marginal Alluvial Plain 
This sub-zone l ies between the Central Ganga Alluvial 
Plain and the region occupied by the Bundelkhand granite and 
Vindhyan r o c k s . The alluvium is composed of s i l t , clay and sand 
of var ious g r a d e s . Ground water occurs both under water table 
and confined condi t ions . Explora tory d r i l l i ng was ca r r i ed out down 
to a maximum depth of 280 metres at Susirkalan in Mathura 
d i s t r i c t . A prominent and pe r s i s t en t granular zone comprising fine 
to coarse sand with varying amount of gravel has been encountered 
between the depth of 30 and 170 metres in the nor thern par t of 
t h i s zone. Apart from t h i s , the re are a number of lenses of sand 
gravel of l imited ex ten t . The clay overburden apparent ly increases 
in th ickness from Gaipura in Mirzapur d i s t r i c t towards wes t . 
However, th ickness of alluvium is not much in t h i s bel t and 
bedrock (Bundelkhand granite/ v indhyan rocks ) has been encountered 
at severa l p l a c e s . Within the depth of 60 metres and 150 metres 
(at P i thaupur , Jalaun d i s t r i c t ) . Vindhyan l imestone, shale and 
sandstone have been encountered in the d i s t r i c t s of Mathura, 
Allahabad and Mirzapur between the dep ths of 60 metres (At 
Gaipura, Mirzapur d i s t r i c t ) and 275 metres at Sus i rk lan , Mathura 
d i s t r i c t . Recent exp lo ra to ry d r i l l ing ca r r i ed out at Samra (275°5' 
27" : 77°33'38"; 54 E /12) , Fatehpur S ikr i b lock , Kiraoli t e h s i l , 
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Agra d i s t r i c t h a s e n c o u n t e r e d two g r a v e l zone a t d e p t h s r a n g i n g 
be tween 4S.00 and 60 .00 and 87.00 and 107.00 m e t r e s be low land 
s u r f a c e . The lower a q u i f e r s a r e g e n e r a l l y conf ined , t h e e x p l o r a t o r y 
wel l when c o m p l e t e d gave a f r e e f l ow . 
The s t a t i c w a t e r l e v e l in t u b e w e l l s g e n e r a l l y r ange from 
f lowing c o n d i t i o n s to 26 m e t r e s be low g round l e v e l . The d i s c h a r g e 
of t h e t u b e w e l l s v a r 
from 3 to 16 m e t r e s . 
3 
of t h e t u b e w e l l s v a r i e s b e t w e e n 60 and 240 m / h o u r for d r a w d o w n s 
HYDROGEOLOGIC FRAMEWORK OF THE STUDY A^EA 
The a r e a u n d e r i n v e s t i g a t i o n forms a p a r t of s o u t h e r n 
T a r a i b e l t and ma in ly n o t h e r n p a r t s of t h e C e n t r a l Ganga p l a i n . 
The t h i c k p i l e of s e d i m e n t s c o m p r i s i n g s a n d s of v a r i o u s g r a d e s , 
s i l t and c l a y w h e r e i n , t h e v a r i o u s s a n d b o d i e s form t h e p r o l i f i c 
a q u i f e r s . G r o u n d w a t e r o c c u r s in t h e s e s a t u r a t e d z o n e s . Ra infa l l 
fo rms t h e p r i n c i p a l s o u r c e of g r o u n d w a t e r r e c h a r g e in t h e a r e a , 
b e s i d e s , t h e r e c h a r g e from w e s t e r n Gandak Canal s y s t e m , i r r i g a t i o n 
r e t u r n flow and numerous s u r f a c e w a t e r b o d i e s l i k e l a k e s and 
ponds in t h e a r e a a l s o c o n t r i b u t e to t h e g r o u n d w a t e r b o d i e s t h r o u g h 
t h e v e r t i c a l s e e p a g e . 
HYDROGEOLOGICAL SURVEYS 
The e x i s t i n g h y d r o g e o l o g i c a l i n f o r m a t i o n , b a s e d on t h e 
work of C e n t r a l G r o u n d w a t e r B o a r d , U . P . S t a t e G r o u n d w a t e r 
D e p a r t m e n t , was c o m p i l e d and a n a l y s e d . To f i l l in t h e i n f o r m a t i o n 
gap and to h a v e a c o n t r o l an h y d r o l o g i c s y s t e m and a l s o to a v o i d 
t h e n o i s e in h y d r o c h e m i c a l d a t a , e n t i r e a r e a (2392 s q . k m ) was 
t h e n c o v e r e d t h r o u g h r e c o n n a i s s a n c e t r a v e r s e s . 
OBSERVATION WELL NETWORK 
For a p r o p e r e v a l u a t i o n , d e v e l o p m e n t and management 
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of the groundwater resources in the s tudy a rea , i t was felt e s sen -
t ial to s tudy the changes in water levels in response to r a in fa l l , 
evapora t ion , groundwater use and o ther factors and accordingly 
198 observa t ion wells were inventor ied and pre and post monsoon 
water l eve ls measurements were ca r r i ed out during 1988 and 1989, 
The collected data were processed and u t i l i zed in the 
p repara t ion of depth to water level maps , water level fluctuation 
maps, water tab le contour maps, e t c . Bes ides , the l i thological 
logs of the boreholes were col le ted s tudied and u t i l ized to p r epa re 
the fence diagram and c ross - sec t ions in o rde r to depic t the s u b -
surface geology and aquifer d i spos i t ion in the a rea . Locations 
of observa t ion wells and tubewel ls inventoried are shown (Fig. 27) . 
EVOLUTION OF AQUIFERS 
The evolution of aquifers in fluvial system is dependent 
upon the hydrodynamics of the flow regime, geology and 
topography of the t e r r a i n , leading to the terr igeneous c las t i c 
deposi t ion sys tem, which are t yp ica l ly r epresen ted as the channel , 
flood plain and back swamp d e p o s i t s . 
Channel Deposits 
The typica l channel depos i t s of the r i v e r Gandak as 
obse rved in the study area from bottom upward comprise coarse 
sand mixed with gravel through medium to fine sand to silt and 
a thin clay layer at the t o p . This top clay and some fine sand 
l aye r s are washed away during the succeedings flood and a fresh 
body of sand with the fining upward sequence is depos i ted again 
each yea r , forming the reby a reasonably th ick terr igenous c las t i c 
depos i t s t i l l the r i ve r changes i t s course due to some tectonic 
control through convulsion. These th ick bodies of sand form the 
potential r epos i to r i e s of groundwater or potential aqu i fe r s . 
27. Map of the Gandak sub-basin showing location of Dug wells and tubewells . 
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Flood Plain Deposit 
During the flood season when the flood water overflows 
the banks , medium to fine sand bodies of moderate th ickness and 
limited areal extent are depos i ted over the flood p la in . These 
lent icular bodies of sand form the moderately potential aquifers 
in comparison to the highly potential aquifers of the channel 
d e p o s i t s . 
Back-Swamp Deposit or Oxbow Lake Deposit 
The flood wate r , fur ther moves down the s l ope , to the 
low lying areas where it is left predominantly with the suspended 
mater ia ls which get se t t led under the influence of g rav i ty and 
form a lensoid body of sand which is further over la in by the 
s t i l l finer c las t i c i . e . c l a y . Thus t h e r e occurs enclaves of sand 
bodies in terca la ted within the th ick clay b e d s . Such bodies of 
sand form the low potential aqu i f e r s . These aquifers are typ ica l 
of back swamp environment. 
Thereaf ter the r i v e r changes i t s course under tectonic 
control through convulsion or some other factors l ike e a r t h q u a k e . 
Thus with the passage of t ime, the posit ion of channel , flood 
p la in , and back swamp depos i t s also continue changing. That is 
why we do not get continuous body of sand or clay except under 
cer ta in ex t r ao rd ina ry si tuat ion in a single d r i l l ho le , the above 
l i thological var ia t ions are a t t r i b u t a b l e to t he i r mode of d e p o s i -
tion by the constantly shift ing nature of the r i v e r Gandak. 
The Gandak fluvial system which has generated various 
aquifers in the area are as under : 
(a) The channel depos i t s are th ick bodies of sand of infinite 
areal ex ten t , hence form the most potential aquifer . 
83 
(b) Flood plain depos i t s giving r i s e to the lent icular type of 
aqu i fe r s , l imited in th ickness and areal extent and are 
moderately potential aqui fe r . 
(c) Lensoid bodies of sand occuring as enclaves or s t r i nge r s 
within the thick clay b e d s , general ly form the low potent ial 
aquifers often with qual i ty p rob lems . 
Vve find that in a th ick Gandak al luvium, the complexes 
of the channel , flood p la in , and back swamp facies r e a p p e a r 
severa l times in a well d r i l l e d at p laces in the a r e a . Thus the 
terr igenous c las t i c depoit ional system of the r i v e r Gandak in the 
area of s tud ies is an index of i ts complex hydrodynamic regimes 
which generated the various aquifers in the Gandak bas in , 
AQUIFER SYSTEM 
In o rder to ascer ta in the sub-surface geological frame 
work and aquifer d i spos i t ion in the area borehole da ta (appendix- I I ) 
of the exis t ing tubewel ls in the area were u t i l i zed and fence 
diagram (Fig . 28)and hydrogeological c ross - sec t ions (Fig. 29A, 29B, 
29C, 29D, 29E & 29 F) were p r e p a r e d . More or less there occurs 
a single bodied aquifer system with some var ia t ions in the western 
par t of the area along the r i v e r l i t t l e Gandak where two t i e r 
aquifer system ex i s t s down to 118 m. d e p t h . The beds of clay 
with calcareous concretions form the confining beds which act 
as semipermeable water conduits between aqu i fe r s , 
GEOMETRY OF AQUIFERS 
The l i thological logs fence diagram and the various c r o s s -
sec t ions , reveal that the underlying formations d i sp lay fair degree 
of s t ra t i f i ca t ion wherein the granular and impervious beds occur 
in repeated al ternat ions down to the 118 m. depth below ground 
l e v e l . Sediments vary in tex ture and th ickness both l a t e ra l ly 
84 
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Fig. 29A. Hydrogeological cross section along A-B 
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Fig. 29D. Hydrogeological c ross sect ion along G-H 
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and v e r t i c a l l y . It is observed that in the area close to the Li t t le 
Gandak the re are repeated al ternat ion of clay beds with granular 
zones but the th ickness of granular zones p rogres s ive ly increases 
towards the present channel of the Great Gandak r i v e r . The 
granular zones comprise fine through medium to coarse sand with 
g r a v e l s , which form about 75% of the total formations encountered 
down to the 118.87 metres b . g . l . The granular zone at ta ins a 
maximum th ickness of 70 m. The c lay beds s t a r t attaining t h i c k -
ness gradual ly due west and no r theas t . Along the present channel 
of the Li t t le Gandak r i v e r , sand and clay beds occur in r ap id 
a l te rna t ion . At the southeast corner of the area the predominance 
of clayey horizons p rogres s ive ly increase and the aquifers keep 
on pinching out. Aquifer zones occur as lensoid bodies of sand 
in terca la ted within the th ick clay beds comprising almost 40% 
of the total l i thouni ts down to 95 m. d e p t h . However, close to 
the Bansi , r i v e r due ea s t , the grainular zones again predominate 
over imprevious beds and the medium sand const i tu tes about 70 
to 80% of the total l i t houn i t s . 
To identify the th ickness and la te ra l extent of sand bod ies , 
sand percent map (Fig. 30) has been p repared upto the depth 
of 70 metres only . The aquifer mater ia ls show cumulative th ickness 
of the o rder of 50% sand along the banks of the Lit t le Gandak 
which p rogress ive ly increases due east and north about 80 to 
90%. In the central par t of the area , sand percent shows a tendency 
of gradual thinning out from 90 to 60%, Fur ther south of the 
central zone a sha rp increase in th ickness is observed from 60 
to 80%. 
Regional Aquifer System in Gandak Basin 
To study the regionc-.l aquifer system in the Gandak bain, 
exp lo ra to ry bore hole data of three wel ls namely Racchapur (State 
92 
N 
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Fig. 30. Sand per cent map. 
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I r r iga t ion Department) , Gandak and Raxaul ( O . N . G . C ) were u t i l i sed 
and c ross - sec t ion was p repared (Fig . 31) . Study of the hydrogeo-
logical section indicates that the re occurs th ree to four t ie r aquifer 
system down to SOO m. depth in the Gandak bas in . In Racchapur 
exp lo ra to ry well the beds of d a y occur in al ternat ion with the 
aquifer zones. Below a 15.23 thick top clay bed , there occurs an 
aquifer zone of 45.73 m. th ickness which is one of the most 
potent ial zone in Racchapur wel l . The other aquifer are lying in 
depth range of 70.10-91.44 m. , 97.53-121.92 m. , 131.06-149.35 m. 
and 237.73-268.21 (30.48 m. t h i c k n e s s ) . In Gandak exp lo ra to ry we l l , 
the top aquifer continues down to a dep th of 230 m; with thin clay 
layers in the depth range 106-110 m . , 113.5-115 m. and 118.5-120 
m. r e s p e c t i v e l y . Below 230 m. t he re occurs a 10 m. thick clay 
bed which is immediately followed further down by 55 thick aquifer 
zone which inturn is followed by 50 m. th ick bed of d a y , which 
is again followed fu r the r , down by 20 m. th ick aquifer zone. 
Below th i s l ies 25 m. thick bed of clay which is followed by 
60 m. thick aquifer zone and th i s aquifer zone is bounded at the 
bottom by 20 m. thick bed of d a y in the depth range of 480-500 
m. b . g . l . At Raxaul we l l , the top clay bed is 35 m. t h i c k , below 
it occurs 10 m. thin aquifer zone which is further down followed 
by 25 m. thick clay and 47 m. thick quifer zone in the depth range 
86-133 m. b . g . l . The 219 m. thick aquifer in the Raxaul well occurs 
in the depth range of 163-382.5 m. b . g . l . Next to i t 82 m. 
thick aquifer occurs in the depth range of 388-470 m. b . g . l . The 
occurrence of d a y and aquifer zone are in a l ternat ion as seen in 
the p a r t s of the Gandak basin down to 500 m. b . g . l . The aquifer 
material in the above wells cons is t s of sands of var ious g r a d e s , 
g r ave l , c l ays and calcareous concret ion. In these exp lo ra to ry wel ls 
quali ty of groundwater is f r e sh . In Gandak well quali ty is fresh 
upto 1200 m. and upto 1700 m. in Raxaul well (Pathak et a l . , 
1985). 
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Fig. 31. Hydrogeological section across the Gandak basin. 
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DEPTH TO WATER LEVEL 
The depth to water level map depic t the regional var ia t ion 
of depth to water level below the ground l e v e l . The water level 
standing in dug wells are considered accurate enough to represen t 
the water level of an area . 
Based on the data col lected during June and November, 
1988 and June and November, 1989 (appendix - III) depth to water 
level maps have been p repa red (Figs , 32, 33, 34 & 35) , The p r e -
monsoon (1988) depth to water was found to vary between less 
than 2.0 to 6.0 metres which r ep resen t th ree depth to water zone 
(1) less than 2 m (II) 2 to 4 m and (111)4 tQ6 m. The water table 
is not deep and in general l ies in the depth range 3,00 to 5,00 
me t res . It l ies close to the land surface in the v ic in i ty of Gandak 
r i v e r . Depth to water increases p rogres s ive ly away from the r i v e r . 
Just after a small patch of shallow water zone 2.00 to 4,00 metres 
have been recorded within 4,00 to 6,00 metres zone. F u r t h e r , 
south, the depth to water level l ies within the range of 2,00 
to 4.00 me t r e s . At the south-eas t corner, ' ' water level is again 
deep . 
Along the large t r ac t of western main Gandak Canal, water 
level is deeper in nor thern portion of the a rea . Situation is more 
or less same in the v ic in i ty of Khajuria branch Canal spec ia l ly 
from i ts originating point to the bank of Lit t le Gandak, The deeper 
zone of water level can be a t t r ibu ted to upland which s t a r t s from 
nor th -wes te rn portion of the area and continues along the Li t t le 
Gandak r i v e r . However in the southern portion of the area in 
the v ic in i ty of both the canals water level is sha l low. Seepage 
through br ick lined canal i , e , only main west Gangak Canal and 
unlined Khajuria branch recharger, the shallow aquifers leading 
to the r i se in water level in southern and eas te rn port ion of the 
area . The same is not true in upland areas where probably the 
excess ive recharge joins the Li t t le Gandak r i v e r . 
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Fig, 32. Depth to water map. June, 1988. 
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Fig. 33. Depth to water map. November, 1988. 
Fig. 34. Depth to water map.June,1989. 
N 
99 
DEPTH TO 
WATER 
cm <2f^' 
2 0 2 
_i I 
Fig. 35. Depth to water map, November, 1989 
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Table 8: Range of depth to water of the observa t ion wells for 
the period 1988 and 1989, 
(Wells percentage of the various depth range) 
Year 
No. of wells 
measured 
Depth to water range (m) 
2 m, 2 . 0 - 4 . 0 m, 4 . 0 - 6 . 0 m, 
1988 (June) 
1988 ( N o v . ) 
1989 ( June ) 
1989 ( N o v . ) 
A v e r a g e 
198 
198 
198 
198 
198 
2.52% 57.58% 
2.02% 83.33% 
ni l 37.87% 
0.50% 60.11% 
1.26% 59.72% 
4 0 . 0 0 % 
1 4 . 6 4 % 
6 2 . 1 2 % 
3 9 . 3 9 % 
3 9 . 0 3 % 
WATER LEVEL FLUCTUATIONS 
The groundwater level f luctuates as a function of time 
and space in response to p r e c i p i t a t i o n . The change in water levels 
are due to the change in storage of groundwaters in the a rea . 
It can also be caused due to excess ive withdrawal of water from 
the aquifer than the quantum of the average annual r e c h a r g e . In 
addi t ion , topography p lays a vi ta l role on the water tab le f luc-
tuat ion. It is commonly observed that the water table is deep 
in topographic highs and shallow towards the topographic lows. 
The water level fluctuation map shows the difference 
in pre-monsoon and post-monsoon water l eve l . The fluctuation maps 
for the per iod 1988 and 1989 (Fig. 368i37) have been p r e p a r e d . 
Maps show the pos i t ive fluctuations ( r i s e ) during November in 
the year 1988 and 1989. The maximum ris.e of 1.2 m. metre was 
recorded at Misrauli in the western part and minimum r i se of 
0.15 meter at Sarang Chhapra in the nor thern pa r t of the a rea . 
The fluctuation ranging between 0.3 m to 0.50 m, is observed 
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Fig. 36. Water table fluctuation map, 1988. 
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Fig. 37. Water table tluctuation map, 1989. 
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to be widely represented. The fluctuations is high in both northern 
and southern part, probably due to sandy tract while low in 
Central portion which can be attributed to the presence of clay 
beds. Along the Canal the fluctuation is high in northern part 
and low in southern part. The high fluctuation can be correlated 
with upland sandy area and low fluctuation because of the imper-
vious bed. However, the low fluctuation may possibly be due 
to the continuous recharge- through the canals. The comparision 
of the two maps (1988 and 1989) indicate a distinct difference. 
During the year 1989 the fluctuation is high specially in the 
northern part of the area. This difference is possibly because 
of the absence of the surface water recharge during the year 1989 
as all the canals were closed for about three months i .e . from 
mid March to the first week of June, 1989. In other portions 
of-the area the fluctuation is identical. There are different water 
level fluctuation zones which has been tabulated below: 
Table 9: Wells showing range of fluctuation in per cent during 
1988. 
Fluctuation range (in m.) 
No. of wells 
Less than 0,2 0.2-0,4 0,4 
198 3 .03% 6 6 . 1 6 % 3 0 , 8 % 
Table 10: Wells showing range of fluctuation in per cent during 
1989. 
No. of wells 
Fluctuation range (in m.) 
0.2 O.Z-0.< 0 . 4 - 0 . 6 0 . 6 - 0 . 8 0 . 8 - 1 . 0 1.0 
198 0.05% 48.48% 31.31% 12.62% 2.02% 0.50% 
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Water Table Configuration 
The s tudy of regional groundwater flow In an area p lays 
an important role in the exp lo ra t ion , explo i ta t ion and conse rva-
tion of groundwater resources (Sarma and Swamy, 1986). Groundwater 
moves in the d i rec t ion of s lope of water t ab le and the s lope of 
water table in turn depends upon many fac to r s , such as pe rmeab i -
l i ty and th ickness of water bearing ma te r i a l s , the topography , 
l i thology and local var ia t ions in the quant i ty of recharge and 
d ischarge (Hubbert , 1940 and Toth, 1962). 
Water level data of the observa t ion wel ls col lected during 
June and November, 1988 and June and November, 1989 were analysed 
and the a t t i tudes of the water level with reference to the mean 
sea level were worked out . For t h i s pu rppse , all the observa t ion 
wells were connected with Survey of India Bench Marks wherever 
a v a i l a b l e . The reduced levels of the water tab le with reference 
to mean sea level were plot ted on a map and water table contour 
maps were p repa red (Fig. 38, 39, 40 & 41a. The elevat ion of 
water table during June 1988, ranged from 91.00 m. in nor thern 
par t to 74.00 m. in southern par t above mean sea l eve l . The 
map shows the slope of water table from northwest to sou theas t . 
A perusal of the maps (Fig. 38) show that the general d i rec t ion 
of the groundwater flow is from northwest to southeast with some 
var ia t ions at places caused due to local f ac to r s . To the ext reme 
north flow is from north to south , indicat ing the influent c h a r a c -
ter of the r i v e r Great Gandak. In western portion of the area 
the flow is from nor theas t to southwest which is in conformity 
of the regional groundwater flow in the Ganga bas in . In eas tern 
par t it flows from northwest to southeast towards r i v e r Bansi . 
In central port ion of the area the groundwater flows from north 
to south and the d i rec t ion changes at the southern fringe of the 
area where it flow from northwest to sou theas t . The s lope , 
e levat ion and d ispos i t ion of the groundwater contours appears to 
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Fig. 38. Water table contour map.June, 1988. 
Fig. 39. Water table contour map. November, 1988. 
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Fig. 40. Water table contciur map. June, 1989. 
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Fig. 41a. Water table contour map. November, 1989. 
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be r a the r normal for the al luvial t r a c t . The contours are widely 
spaced indicat ing flat gradient and higher hydrau l i c conduct iv i ty 
of the top surf ace aquifer ma te r i a l s . However, in central par t of 
the area below the main western Gandak Canal, the contours are 
found with narrow spacing i . e . , the hydrau l i c gradient is ve ry 
s t e e p . The s teep gradient is due to the presence of the low 
permeabi l i ty horizons or heavy witlvxirawa.! of groundwater (Devis 
& De Vviest, 1966 and Todd, 1980). Infact the close contours are 
s imply because of the presence of clay beds which has been 
suppor ted by soil map, fence diagram and sand per cent map of 
the same a rea . The hydrau l i c gradient va r i e s from 0.25 m/km 
to 1.42 m/km. The average s lope of the water t ab l e is about 0.83 
m/km . 
Water tab le contour map for November, 1988 (Fig. 39) in 
rat ional terms shows also ident ica l s i tuat ion as tha t for p r e -
monsoon, 1988, within the prevai l ing hydrogeologic s i tua t ion . Water 
table contour map for the per iod June 1989 (Fig . 40) conforms 
the water t ab le contour map of June 1988, as far as the configura-
tion is concerned. However, a comparision of the two maps reveal 
that there is a l i t t l e increase in water table by about 1.0 m 
in nor thern par t of the a rea , whereas the water table contour 
maps of June 1989 and November 1989 are ident ica l in na tu re . 
A piezometr ic level map for the period June, 1988 (Fig. 
41b) has been p r epa red considering the cumulative piezometr ic head 
in bo rewe l l s . The map shows that the pa t te rn is almost s imi lar 
to that of water t ab le contour map of June, 1988. The s imi la r i ty 
of two maps are ind ica t ive of same source of recharge to shallow 
as well as deeper aquifers (Ahmad, 1989). 
Groundwater behaviour 
In o rde r to study tne groundwater behaviour with respec t 
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Fig. 41b. Piezometric level map. June, 1988 
I l l 
to time and space , the water l eve ls of key observat ion wells 
are used to p r epa re the hydrog raphs of the we l l . The hydrographs 
of the six wells for the per iod of 1979 to 1989 are shown in 
figure 43A & 43B. A perusal of the hydrographs indicate that 
the water level var ia t ion is c y c l i c , showing the deepest water 
level during the month of June shal lowest during the month of 
August. The water level s t a r t s r i s ing by the end of June and 
at tains the shal lowest level in August. There is a s h a r p decl ine 
in the water level during November t i l l J anuary . From January 
onward the recession in water level is s low, which indica tes natural 
groundwater d i scharge through s teady sub-surface outflow, in 
consonance with the regional groundwater movement. 
In the view of above discussion it is inferred that the 
r is ing and declining trend.s of the water level with respec t to 
time and space are a t t r ibu ted to input source of groundwater , 
namely rainfal l and the seepage from the canal and flood water 
into h ighly permeable t r ac t of the Gandak bas in . 
Correlation of water level with rainfall 
The hydrographs of the permanent network s ta t ions at 
Padrauna, Kasia and Khadda were used to s tudy the long range 
trend of water levels with respec t to r a in fa l l . The corre la t ion 
study was made from the data ava i lab le since 1979 to 1989. The 
perusal of the cor re la t ion gives an idea of groundwater behaviour 
in the a rea . 
A c r i t i ca l s tudy of the hydrog raphs indicates that the 
response of water levels to rainfal l is reasonably quick (Fig.44A, 
44B & 44C), 
A study of the hyd rog raphs revea l s that t h e r e is prominent 
response of rainfal l on water level. The water received by the 
area of r echa rge , is d i scharged to the low lying areas causing 
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a maximum decl ine in water level during the month of May and 
June. 
Effect of Canal Seepage on Water Table 
The effect of seepage through canal beds into the shallow 
aquifer was s tudied locally in few wells located at a dis tance 
of 85 m. to 2 km, from the main western Gandak Canal and 
Khujuria branch canal r e s p e c t i v e l y . Water levels were taken in 
these wells f i r s t l y when the main western Gandak Canal and i t s 
d i s t r i b u t a r i e s were dry during June, 1989. After one week of the 
commencement of flow in these cana l s , measurements were again 
taken in above mentioned w e l l s . It has been obse rved that with 
running of the canal a sudden r i s e of 0.28 m. to 0.85 m. in the 
water level in the wells close to the C^nal whi le the wells located 
at a d is tance of 1 km show a r i s e which ranges between 0,11 
to 0.27 m. were o b s e r v e d . This shows that the canal beds are 
in the hydrau l i c continuity with the shallow aquifers leading to 
the r i se in water l e v e l . 
It i s , t he re fo re , obvious tha t the int roduct t ion of Gandak 
Canal system and consequent large scale i r r iga t ion have caused 
many changes in the groundwater regimen of the a rea . In case 
at a cer ta in depth permeable sands are encountered, the percolat ing 
water from the canal is accompanied by a t ransfer of hyd ros t a t i c 
p ressure along the free groundwater table which instantanously 
spreading severa l k i lometers away from canal and cause the water 
level to r i s e (Dutt, 1971). 
The canal alignment is such that at p laces i t passes through 
a number of shallow d e p r e s s i o n s , Palaeo-meander channels , and 
sometimes it even cuts across which can be seen in figure 4b , 
The ra te of inf i l t ra t ion in the area is h igher and is quite s ign i -
ficant for addi t ional groundwater r e c h a r g e . The annual water flow 
PLATE-III 
A view of Main Western Gandak canal 
Vegetation along the Main Western Gandak canal 
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in these canals is of the o rder of 8443 MCM, out of which 778,89 
MCM water is used for i r r iga t ing 34416,21 hectares of land. It 
is est imated that 3S per cent of th i s water in f i l t r a t e s into the 
shallow aqui fe rs , which works out to be 272,61 MCM, Obvious ly , 
th i s leads to the r i s e of groundwater levels which fur ther r e su l t s 
into water logging. 
Water Logging 
When the water table comes within 2 m, depth below the 
land surface , c ap i l l a ry action s t a r t s and the upward movement 
of moisture begins where water gets evapora ted and the appearence 
of sa l t s on ground surface is hastened (Sal ly , 1968), F ina l ly , 
the soil sa l in isa t ion des t roys the pe rmeab i l i ty of the soil resul t ing 
into lowering of the f e r t i l i t y , : 
Since the introduction of canal i r r i ga t i on , vast area in 
Deoria d i s t r i c t has been affected by water logging due to the 
canal seepage into the aquifer below, i r r iga t ion re turn flow, 
inadequate drainage and blockade of natural drainage sys tem, poor 
outfall conditions and l imited wi thdrawal of groundwater . The 
water logging has been obse:rved by the s ide of the canals 
spec ia l ly in areas where depth to water is sha l low, and poss ib ly 
it may extend to the adjoining areas if not checked now. The 
aereal extent of water logging has been shown in figure 4b, ' 
Water logging has reduced the p roduc t iv i ty of land by 
increasing concentration of sodium sa l t s in surface l ayers which 
are toxic for c r o p s . These £.alts lead to the formation of a lkal ine 
condit ions w<hich further intensify anaerobic conditions (Sal ly , 
1968). Thus i t has brought about changes in cropping pat tern and 
rendered vast land unfit for cul t ivat ion which will u l t imately 
be effecting the social life and economy of the a rea . 
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Prevention and Control of Water Logging 
Water logging can be control led by adopting su i t ab le 
measures to reduce the recharge and to increase the d i scha rge 
from the problem a rea . The var ious measures which can be achieved 
are enumerated below (Karanath, 1986). 
( i ) Lining of Canals 
The lining of the feeder canal and var ious d i s t r i b u t a r i e s 
should be ca r r i ed out to contain the in tensi ty of seepage through 
ear then canal b e d s . Polythene sheet or rubbe r sheet lining will 
be useful in view of the highly t ransmiss ive nature of the s o i l , 
( i i ) Provision of an efficient surface-drainage system 
A efficient drainage system should be p rov ided through 
constructing open d i t ches and field d r a i n s to d ra in away all the 
unavoidable wa te r . Moreover, channels of the p r e - ex i s t i ng natural 
drainage line should be widened and deepend to increase the i r 
capaci ty . 
( i i i ) Pumpage by Wells 
Pumping from the shal low well (25 m. dep th ) will s e rves 
the dual purpose one of lowering the water t ab le and the o ther 
is augmenting the canal flow through / quantities of water pumped 
for use in the area lying further downstream. Construction of these 
shal low tubewel ls on both the banks of the canal at an Interval 
of 1.5 km dis tance will be much he lpfu l . 
( iv ) Plantation of su i tab le va r i t i e s of t r ees with high t r a n s p i r a -
tion ra tes (Eucalyptus & Alfalfa) along the canal and t h e i r banks 
in the farm will help to improve the s i tua t ion . 
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(v) The present flood i r r iga t ion of the crop should be rep laced 
by the s p r i n k l e r i r r i ga t ion . 
(v i ) The affected farm land be t r ea ted with the recommended 
doses of Py r i t e s or Gypsum to neu t ra l i se the effect of sa l in i ty 
and reclaim the s o i l . 
F ina l ly , the most effective measure will be f i r s t to stop 
the canal for a per iod of f ive months i . e . January to May and 
meanwhile polythene shee t lining of the main^ canals and the d i s t r i -
bu tar ies be completed within t h i s p e r i o d . This will have a pos i t i ve 
impact resul t ing into the general lowering of water t ab le in the 
area to a su i tab le depth ard the rea f t e r t he re will be ha rd ly any 
seepage because of the l in ing. 
GRAIN SIZE ANALYSIS OF THE SAND SAMPLES 
The economic development and the u t i l i sa t ion of ground-
water resources requ i re an understanding of the factors that govern 
the hyd rau l i c t ransmiss ion of the groundwater through an aqui fe r . 
One of the important quant i ta t ive measures of such t ransmission 
is the p e r m e a b i l i t y . The pe rmeab i l i ty which may be considered 
as a measure of the ease with which water flows through a given 
porous medium ( s and ) , which depends both upon the phys ica l 
p r o p e r t i e s of flowing water and the c h a r a c t e r i s t i c s of the t r ansmi -
ting medium. In many natural occurences , however , the phys i ca l 
p rope r t i e s of the flowing water i . e . Viscosity and specif ic weight , 
are pract ical ly constant so tha t the permeabi l i ty may be considered 
to be a function of p rope r t i e s of medium alone. 
The objec t ive was to determine the permeabi l i ty values 
of field samples through the grain size ana lys i s . 
Several s tudies have shown that the permeabi l i ty of the 
sand can be cor re la ted with the square of the grain s ize 
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parame te r s . Krumbien and Monk (1943) s tudied th i s r e l a t ionsh ip 
by using sand samples made up of s ieved fract ions that had been 
combined in the propor t ion requ i red to give log normal d i s t r i b u -
tion, having given values of geometric mean grain size and 
s tandard dev ia t ion . They found tha t the pe rmeab i l i ty of the samples 
were propor t ional to product of a power function of geometric 
mean diameter and an exponential function of s tandard deviation 
of grain size d i s t r i b u t i o n . Johnson (1963) has done experimental 
work s imi lar to that of Bedinger. The permeabi l i ty values of 
Johnson, which were corrected to a 60°F. t empera ture and which 
were recorded at the time of complete saturat ion of the samples , 
were in very close agreement with those of Bedinger . Kozney (1953) 
have s tudied the re la t ionsh ip between permeabi l iy and the pore 
size d i s t r ibu t ion which is governed at least p a r t i a l l y by the grain 
s ize d i s t r i b u t i o n . Preuss and Todd (1963) at tempted to r e l a t e 
the specif ic yie ld to severa l phys ica l p r o p e r t i e s of sedimentary 
samples including a r e p r e s e n t a t i v e grain s ize diameter and a 
uniformity coeff icient . Ward (1964) d e s c r i b e d both laminar and 
turbulent flow in porous medium. A pa r t of t h i s analysis considered 
of determining permeabi l i ty values for different medium and re la t ing 
these values to geometric mean grain s i z e . 
Masch and Denny (1966) s tudied a b roader examination of 
the factors tha t influence the pe rmeab i l i ty of the sand . 
t 
Methodology 
The grain s ize d i s t r ibu t ion of the formation or aquifer 
material can be determined by conducting a mechanical ana lys is 
tes t in a nest of s tandard s ieves with the Coarsest on the top 
and bottom pan as r e c e i v e r . A 100 gm r e p r e s e n t a t i v e sample was ^ 
taken in the labora tory by quartering,. Oven d r i ed and exact weight 
poured into the top s ieve and covered with l i d . The whole nest 
is shaken through a mechanical s ieve shaker for about 15 minutes 
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and the material re ta ined on each s ieve and bottom pan is accura-
tely weighed. Percentage of mater ia l passing through s ieves g ives 
a point on the grading curve (Raghunath, 1987). 
The cumulative soil pa r t i c l e s i ze accumulation curves were 
plot ted for 12 samples of the s tudy a rea (F igs . 45A, 45B, 45C). 
Because of the wide range in diameter between the coarses t and 
the finest soil p a r t i c l e s the content of the fine s ize may become 
more v i sua l . The diameter of the soil pa r t i c l e s were plot ted to 
^ a logarithmic .scale to obtain a more compact c u r v e . The 
cumulative weight per cent finner than size shown were plot ted 
on a i r thmat ic s c a l e . The a a t a obtained from mechanical analys is 
are appended as appendix IV. 
Determination of Uniformity Coefficient 
The shape of the cumulative pa r t i c l e size d i s t r ibu t ion curve 
is an indication of the uniformity of the s o i l . It is defined as 
a r a t io of the diameter of the pa r t i c l e s which has 60% of the 
sample (D , . ) finner than the s ize shown to the size which has 
10% by weight mater ia l finer than s ize (D , . ) i . e . Cu = D , . / D j . . 
It is accepted that d ,^ is the most important parameter 
among those governing the pe rmeab i l i ty properties of porous medium 
(Mars i ly , 1986). 
Allen Hazen (1911) e s t ab l i shed a relat ion between the numerical 
values of Uniformity Coefficient (Cu) and soil uniformity a s : 
Cu <C ^. 0 = Very uniform soil 
Cu-S.0-15.0 = Medium graded soil 
C u > l ' 5 . 0 = Well graded soil 
The computed r e su l t s (Table 11) indicate tha t the numerical 
value of Cu is below 5,0, hence the soil is very uniform. 
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According to Raghunath (1987) the Cu gives an idea of the 
grading or particle size distribution in the. material. Lower values 
(Cu<^2) indicate more uniform material or poor grading and higher 
values indicate well graded material. The comparison of results 
'1 indicate that the aquifer materials are uniform type. 
Determination of Coefficient of Permeability 
The coefficient of permeability or hydraulic conductivity 
of sandy sediments can be estimated from the grain size distribu-
tion curve by Hazen method (1911). The method is applicable 
to sands where the effective grain size (D,.) is between 0.1 and 
3.00 mm. The Hazen's approximation is 
K = C (D^Q)"^ 
Vvhere K is hydraulic conductivity in Cm/Sec ^'^fff^S^ 
D is the effective grain size in mm 
C is coefficient based on the following table 
Very fine sand, poorly sorted 40-80 
Fine sand with appreciable fines 40-80 
Medium sand, well sorted 80-120 
Coarse sand, well sorted, clean 120-150 
The Hazen method was developed on the basis of empirical 
studies done for the design of sand filters for drinking water 
(Fetter, 1988). Fetter (1985) has shown its hydrogeological appli-
cability in a study of the permeability of well-sorted medium 
sand, deposited by alluvial process. 
Uma, et al. (1989) have given a new method for evaluation 
of hydraulic conductivity of sandy aquifers. Based on the gradients 
of the graphs a value of 6.0 is assigned for sandy aquifers. The 
relating equation between K and d, . is thus given as 
K . A d^ O 
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where K = hydrau l ic conduc t iv i ty , 
A = Constantt having value of 6.00 for sandy aquifers 
d, „= Effective grain s ize in mm. 
K = 6.0 d 10 
Using above formula the hydrau l i c conduct iv i ty of the sand 
samples are calculated and shown a-s below ( table 11) . The da ta 
r evea l s that values of K ranges from 15.03 to 74.64 m/day . 
Table 11: Showing uniformity coefficient and hydrau l i c conduct iv i ty 
determined by grain s ize analys is of sand samples 
S.No. Location Uniformity 
C-oefficient 
Hydraulic 
Conductivity 
m/day 
l a . Barwa Jangal 
(Li t t le Gandak r i v e r 
at 30 cm d e p t h ) 
l b . Barwa Jangal 
(Li t t le Gandak r i v e r 
at Im. dep th ) 
2a. Belwa 
(Li t t le Gandak r i v e r 
at 30 cm d e p t h ) 
2b. Belwa 
(Li t t le Gandak r i v e r 
at 1 m. d e p t h ) 
3a. Misrauli 
(Li t t le Gandak r i v e r 
at 30 cm dep th ) 
3b. Misrauli 
(L i t t l e Gandak r i v e r 
at 1 m. dep th ) 
4a. Bishunpura 
(Li t t le Gandak r i v e r 
at 30 cm dep th ) 
2.08 
1.96 
1.77 
1.26 
1.66 
1.81 
1.35 
20.64 
25.40 
29.89 
68.51 
35.68 
33.17 
51.84 
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4 b . B i s h u n p u r a 
( L i t t l e Gandak r i v e r 
at 1 m, d e p t h ) 
^a . P i p r a h i a 
( L i t t l e Gandak r i v e r 
at 30 c m . d e p t h ) 
S b . p i p r a h i a 
( L i t t l e Gandak r i v e r 
at 1 m . d e p t h ) 
6a . K a s a l t o l a 
( L i t t l e Gandak r i v e r 
at 30 c m . d e p t h ) 
6 b . K a s a l t o l a 
( L i t t l e Gandak r i v e r 
at 1 m. d e p t h ) 
7a . C h a i t i Musah r i 
(Bans i r i v e r at 30 cm 
d e p t h ) 
7 b . C h a i t i Musah r i 
(Bans i r i v e r at 1 m. 
d e p t h ) 
8a . Madanpur S u k r a u l i 
( L i t t l e Gandak r i v e r 
at 30 c m . d e p t h ) 
8 b . Madanpur S u k r a u l i 
( L i t t l e Gandak r i v e r 
at 1 m. d e p t h ) 
1.66 
2 .50 
2.15 
1.60 
1.52 
1.92 
1.96 
1.50 
1.39 
74.65 
15.03 
22.55 
36.54 
61.84 
31 .53 
36.54 
51.84 
68 .25 
9a . Koi r i Tola 
( L i t t l e Gandak r i v e r 
at 30 cm . d e p t h ) 
9 b . Koi r i Tola 
( L i t t l e Gandak r i v e r 
at 1 m. d e p t h ) 
10a . C h h i t a u n i 
( L i t t l e Gandak r i v e r 
at 30 cm. d e p t h ) 
1 0 b . C h h i t a u n i 
( L i t t l e Gandak r i v e r 
at 1 m. d e p t h ) 
2 .87 
2 .05 
1.65 
1.42 
15 .03 
25.40 
33.17 
51.84 
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11a. J at ha Jangal 
(Great Gandak r i v e r 
at 30 cm. d e p t h ) 
l i b . J at ha Jangal 
(Great Gandak r i v e r 
at 1 m. dep th ) 
12a. Chirahwan 
(Great Gandak r i v e r 
at 30 cm. depth ) 
12b. Chirahwan 
(Great Gandak r i v e r 
at 1 m. d e p t h ) 
1.98 
1.96 
1.56 
1.36 
28.33 
33.17 
45.79 
68.51 
The data revea l s that values of K ranges from 15.03 o 
74.64 m/day . 
I s c -pe rmeab i l i t y Map 
Logan, (1964) reasoned tha t if a well is pumped for such 
a long per iod that the flow is in s teady s t a t e , then an approximate 
estimation of the o rder of magnitude of the t r ansmis s iv i t y can be 
made using the Theim formula for a confined aquifer which can 
be wr i t ten as 
T = 2.3 Q log (r max/ rw) (1) 
2TTS 
mw 
Where, 
max 
mw 
rad ius of pumped well in metres 
rad ius of influence in metre 
maximum drawdown in the pumped well in 
metres 
Logan, fur ther s tated tha t the accuracy of the calculation 
d e p e n d ' o n l y on the accuracy of measurement of S (on which well 
' mw 
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losses may have subs tant ia l influence) and on the accuracy of the 
ra t io r / r . As r / r can not be a c c u r a t e l y determined 
max w max w 
genera l ly , logan opined , tha t although the var ia t ion in r and 
m ax 
r may be subs t an t i a l , the var ia t ion in the logarithm of t h e i r 
w • 
ra t io is much sma l l e r . Hence assuming average conditions of r a d i i , 
he suggested a value of 3.33 for log r a t io may be taken as rough 
approximat ion . 
Substi tuting the value in the equation (1) 
we get the Logans formula, 
T . ^''' Q (2) 
mw 
Where S is the maximum drawdown in a pumped w e l l . According 
m w t- I- o 
to Kruseman and de Rider (1970) Logan's formula in above form 
gives erroneous r e su l t s of o rde r of 50% or more. 
However, based on Logans formula, an i sopermeab i l i ty map 
of the area was p repa red (figure 46) . For the purpose , specif ic 
capaci ty and drawdown da ta of var ious ^ubewells were col lected 
and u t i l i sed for the determinat ion of t r a n s m i s s i v i t y and permeabi l i ty 
by Logans formula. 
A perusa l of the i sopermeabi l i ty maps of the area shows 
that t h e r e are t h ree i sopermeab i l i ty zone viz less than 20, 20-25, 
25-30. 
The permeabi l i ty ranges between less than 20 to 20-25 
m/day in the area lying close to the Li t t le Gandak r i v e r but 
gradual ly increase due east towards the Great Gandak r i v e r where 
it ranges between 25 to 30 m/day with some local var ia t ions at 
p l ace s . In central portion of the area the permeabi l i ty decreases 
and the values recorded show less than 20 m/day . Although the 
area shows a very high sand per cent but the permeabi l i ty values 
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20- /^ Isoperme 
ability contoijf' 
2 0 2 
L_J I 
Km 
Fig. 46. Isopermeability map of the area, 
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recorded are very low. This may poss ib ly be a t t r ibu ted the sub t le 
var ia t ion in the grain s i z e , sor t ing c h a r a c t e r i s t i c s and grain packing 
represent ing microscopic inhomogeneties tha t control poros i ty and 
pe rmeab i l i ty and thus fluid flow c h a r a c t e r i s t i c s . 
Because of pauci ty of pumping tes t data in the a rea , 
the value of T and K determined by Logan's formula could not 
be compared with the pumping tes t data except for Racchapur well 
where the value of K obtained by Logans formula is in close agree-
ment with the values of K determined through pumping tes t da ta 
ana lys i s . Thus the value obtained by Logans method give only 
approximate p i c t u r e . 
Specific Capacity Index Map 
The specif ic capac i ty , bes ides being an index of well 
p r o d u c t i v i t y , s e rves also as a parameter of yielding and t r ansmi -
ss ive capac i ty of an aquifei (Karanth, 1987). The yielding capaci ty 
is denoted by an yield factor (or speci f ic capaci ty index) which 
e x p r e s s e s the specif ic capaci ty of the well for the unit th ickness 
of the aquifer t a p p e d . 
(, r- ^ •. T J Specific Capacity Specin.c ,Can,aclty Index or - _, . : 7—^ —r^— Yield TactOT Thickness of the aquifer 
Following the above formula, f i r s t of all speci f ic capac i ty index 
values were determined from the ava i lab le da ta of tubewells in 
the area plot ted on the map and the specif ic capac i ty index map was 
p repared (Fig . 47) . 
A perusal of the map shows that t h e r e are following 
specif ic capac i ty index zones. 
(1) less than IS (2) 16-20 (3) 20-25 (4) 25-30 (5) 30-40 m / d a y . 
The spec i f ic capaci ty index ranges between 15 to 25 towards Li t t le 
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Fig. 47. Specific capacity index map of the area. 
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Gandak r i v e r . The area surrounding Padrauna town shows same value 
of specif ic capaci ty index which range between 15 to 25 m / d a y . 
On the eas te rn por t ion , the value of speci f ic capaci ty index ranges 
between 30-40 m/day . However, the average value of the specif ic 
capaci ty index for the en t i re basin is recorded as 25 m/day . 
The specif ic capaci ty index of the Gangetic a l luvia l sand 
(Fine through medium to grey micaceous sand) ranges between 2 
to 25 Lpm/M/M, (Karanth, 1987), Which approximate ly matches 
t h e . values determined by the au thor . 
PUMPING TEST DATA ANALYSIS AND EVALUATION OF AQUIFER 
CONSTANTS 
One of the fundamental aspect of groundwater resources 
invest igat ions is the determinat ion of the aquifer c h a r a c t e r i s t i c s 
such as pe rmeab i l i ty (K) and storage (S ) . These c h a r a c t e r i s t i c s 
are important in determining the natural flow of water through 
an aquifer and i ts response to abs t r ac t ion . Normally the de te rmina-
tions of pe rmeabi l i ty and s torage are made on the bas i s of da ta 
obtained from test-pumping wel ls (Jones and Rushton, 1981). 
The analys is of pumping t e s t da ta involves transformation 
of field data into calculated values of hydrau l i c p r o p e r t i e s of the 
tes ted aqui fe r . On completion of the pumping t e s t , all the col lected 
data on well d i s c h a r g e , drawdown, recovery in the var ious o b s e r -
vation wells and the pumped well with - t ime, p r e t e s t water level 
t r e n d , e t c . are p roces sed . 
Methods of Analyses 
Most important methods p resen t ly ava i l ab le and used for 
the evaluat ion of pumping tes t da ta are d e s c r i b e d . Discussions are 
kept l imited to the app l i cab i l i t y and l imitat ions of var ious methods . 
Each method is based on cer ta in phys i ca l assumptions , and e r r o r s 
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due to the deviat ion of field conditions from these assumption are 
unavoidab le . However, with sound profess ional d i sc re t ion and judge-
ment, the methods can s t i l l be used to de r ive reasonable approxima-
t ions . Assumptions underlying all the methods are as under : 
(a) The aquifer has apparent ly infinite areal ex t en t . 
(b) The aquifer is homogeneous, i so t rop ic and of uniform t h i c k -
nes s . 
(c) Pr ior to pumping the potent iometr ic surface and the pheratxc 
surface are near ly hor i zon ta l . 
(d) The d i scha rge ra te is constant . 
(e) The aquifer is fully penet ra ted by the pumped we l l . 
Description of Method 
The pumping tes t s data were analysed by methods which 
were cons idered most app rop r i a t e in given field condi t ions . The 
methods of analys is of draw down/recovery data in different types 
of aqu i fe r s , are outlined in the following: 
The nonequilibrium formula introduced by Theis (1935) 
is widely used for analysing the pumping tes t da ta and for d e t e r -
mining the hydrau l i c p r o p e r t i e s of an aqui fer . The nonequilibrium 
formula i s : 
^= ~TWT- 1 - ^ ^" ^'^ 
or S = ^ .^ ^ W(u) (2) 
r^S Where u = - , (3) 
o r S = - 2 ^^^ 
r 
Q 
4 -n T 
4-n t 
4 T t " 
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distance in metres of an obse rva t ion well from the pumped 
well 
the drawdon in metres in an observat ion well located at 
3 
Q = the constant well d i scharge in m / d a y . 
a dis tance ' r ' from the pumped we l l . 
the constan 
S = S t o r a t i v i t y . 
2 , , T = Transmiss iv i ty an m / d a y . 
t = the time in days since pumping s t a r t e d . 
Vv (u) is read as "well function" of u or Theis well function. ^ 
2 3 4 » rf*' -'^ 
W(u) = [-0.5772 - In u + u --^-H-^' '+ _H__ . ^ _ ^ + ] . . . . ( 5 ) i'^ ^ 
For calculat ion of aquifer p a r a m e t e r s , s tandard technique 
of matching field data curves (t V S) or (r V S) with Theis 
. s s 
type curves ( V W{u) and (u V V/ (u ) , choosing match points 
and subst i tu t ing t h e i r co-ordinate values in equations mentioned, 
are used . 
The coefficient of t r a n s m i s s i b i l i t y and storage cannot be 
determined d i r e c t l y from equation (1) because it involves an expon-
ent ial integral and two unknown coeff icients , one of which occurs 
both in the argument of the integral and as a d iv i so r of the function. 
Solution can be obtained by the use of a graphical method of s u p e r -
posit ion (Type curve method) dev ised by Theis and de sc r ibed by 
Jacob (1940). | 
Assumption made by Theis 
For the use of T h e i s ' s method, the following assumptions 
and limiting conditions should be s a t i s f i e d . 
1. The aquifer is homogeneous, i s o t r o p i c , of uniform th ickness 
• and of infinite areal ex t en t . 
2. Before pumping, the piezometr ic surface is hor izon ta l . 
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3. The well is pumped at a constant discharge rate. 
4. The pumped well pene t ra tes the en t i re aquifer , and flow is 
every where horizontal wi thin the aquifer to the we l l . 
5. The well diameter is infinitesimal to t ha t s torage within the 
well can be neglected. 
6. Water removed from storage is d i scharged instantaneously with 
decl ine of head , 
Theis Method of Solution 
Equation (1) can be s impli f ied to 
S = ( -4^-^) W(u) (6) 
Where W(u), termed the well function, is a convenient symbolic 
form of the exponent ial in tegra l . Rewriting e q . (3) as 
- ^ = ( -A^— )u (7) 
It can be seen that the re la t ion between W(u) and u must 
be s imi lar to tha t between S and r / t because the te rms in 
paren theses in the two equations are constant . Given th i s s imi l a r i t y 
Theis (1935) suggested an approximate solution for S and T based 
on a g raphic method of superpos i t ion . 
Cooper-Jacob Method of Solution 
It was noted by Cooper and Jacob (1946) that for small values 
of r and large values of t , u is smal l , so tha t the s e r i e s terms 
in e q . (5) becomes negl igible after the f i r s t two t e rms . As a r e s u l t , 
the drawdown can be expressed by the asympto te . 
( - 0.5772 - In ,^ ^ \ ) (8) 
4 TI T ' v.. . . . . 4 T t 
Rewriting and changing to decimal log r i thms , t h i s reduces 
to 
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S = - 4 1 i Q log '•'\'' ' (9) 
4TrT ^2g 
Therefore , a plot of drawdown S ve r sus the logari thm of 
t forms a s t r a igh t l i ne . Projcting th i s line to 
2-25 T_to (jQj 
and 
resu 
i t 
S = 0. 
O = 
follows 
Iting in S 
where 1 
2.30 
4 - A T 
tha t 
2.26 T 
r^ S 
2 
t = 
Q 
to 
.25 
2 
r • 
to 
log 
T 
= 
to 
2 c r S 
(11) 
(12) 
A value for T can be obtained by noting tha t if t / t o = 10, 
then log t / t o = 1, t h e r e f o r e , replacing S by ^ S , where ^ S is 
the drawdown difference per log cycle of t , e q . (7) becomes. 
T - 2.30 Q \ 
Thus, the procedure is f i r s t to solve for T with eq . (13) 
and then to solve for S with e q . (12) . The s t r a i g h t line a p p r o x i -
mation for t h i s method should be r e s t r i c t e d to small values of 
u (U-Co.Ol) to avoid large e r r o r s . 
Aquifer Performance Test 
During the groundwater invest igat ion in Deoria d i s t r i c t , Khanna 
(1967) ca r r i ed out pumping tes t at t h r e e different s i t e s as Deokuan 
(GBC - 36) , Kundauli (SPG-74) and Bamhrauli for the determination 
of the aquifer c h a r a c t e r i s t i c s . 
The piezometr ic head in these tubewel ls res ted between 3.70 
and 6.68 metres below ground l e v e l . The well were pumped for 
a per iod ranging between 89 and 190 minutes . The da ta were analysed 
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using T h e i s ' r ecovery formula. The value of t r ansmis s iv i ty has 
been calculated to be around 3,200 M / d a y . It indicates tha t the 
aquifer is capab le of t ransmit t ing la rge volume of wa te r . Since 
the observa t ion well in the v ic in i ty of the pumping wells were 
not a v a i l a b l e , i t was not p o s s i b l e to ca lcula te the s t o r a t i v i t y . 
However, the aquifer tes t conducted by Groundwater Invest igat ion 
Organisation (at Racchapur well (SPG-41), Barhaj b lock , Dis t r ic t 
Deoria, constructed by State I r r iga t ion Department) was added by 
an obse rva t ion we l l . One zone const i tut ing 35.97 metres of sa tura ted 
granular mater ia ls has been tapped between 24.99 and 60.96 metres 
below ground l eve l . Aquifer performance tes t was ca r r i ed out 
by Singhai (1976), Analysis have been carr iedout for the Racchapur 
wel l , which is as followss : 
1. Name of s i t e - Racchapur 
2. Longitude and l a t t i tude - 83°46'E and 26''19'N 
3. Date of test ing - 16-12-76 
4. Static water level - 4.17 metres 
5. Duration of pumping - 740 minutes 
6. Constant d i scharge - 16675 GPH 
7. Distance from pumping well - 39.48 metres 
8. Thickness of aquifer tapped -18.28 metres 
Data Analysis t 
Time-drawdown field da ta curves of observa t ion well resemb-
le the typ ica l " t ime-drawdown-curve" for a confined aquifer and 
suggest an unsteady s ta te condit ions Theis and J a c o b ' s methods 
for analys is of drawdown data have been used for the determination 
of aquifer pa r ame te r s . 
Evaluation of Results t 
Aquifer parameters evaluated are tabula ted as below : 
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-7 
S.No. Method Plot Data used Transsmiss iv i ty Storage 
Coeff: 
cient 
, 2 , , . Coeffi-
(m /day ) 
1. Theis tVs S SPG-41 ''2896.43 3 .71x l0 ' ^ 
2. Jacob tVs S " 3330.89] 6.25x10*^ 
Since the f ield data curves (F ig . 48) of obse rva t ion 
wells match well with Theis type curve the hydrau l i c p r o p e r t i e s 
of the aquifer determined by the Theis method alone have been 
taken as best approximation of aquifer p a r a m e t e r s . 
The parameters determined by Jacob (Fig . 49) has also 
y ie lds approximate ly matching r e s u l t s . 
In the l ight of Pumping tes t da ta a n a l y s i s . It may be 
concluded that the deeper aquifer in the area have the i r c h a r a c -
t e r i s t i c s as fol lows. 
1. Tr ansmiss 1 vi ty 289"6.43) m /day 
-4 
2. S to ra t iv i ty 3.71x 10 
? 
3. Hydraulic Conductivity 158.44 m/day ^ 
CHAPTER - V 
GROUNDWATER BALANCE 
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GROUNDWATER BALANCE 
A hydro logic budget is a quant i t a t ive statement of the 
balance between the total water gains and losses of a bas in , 
for a per iod of t ime. The budget cons iders all wate r , surface 
and subsur face , entering and leaving or s tored within a bas in . 
Water enter ing a basin is equated to water leaving a bas in , plus 
or minus changes in basin storage (Walton, 1970). 
Groundwater development ac t iv i ty has increased cons ide-
rably during the last two d e c a d e s . This xdevelopment has taken 
place ind iscr imina te ly without regard to the annual rep len ishment . 
The groundwater potential of the basin must be evaluated to 
regulate the wi thdrawal of water from any bas in . The water level 
of the groundwater r e s e r v o i r f luctuates according to inputs to 
it and wi thdrawal from i t . A component wise est imation of input 
and output has to be evaluated using the ava i lab le data of ra in fa l l , 
i r r iga t ion appl ica t ion or o ther recharge components, wi thdrawl 
by open wel ls and tubewel ls and water t ab le f luctuat ions . The 
evapo t ransp i ra t ion is most diff icult to evaluate and a reasonable 
est imate is a r r i ved at by su i t ab le est imation of o ther components 
(Chandra, 1985). In o rde r to accomplish t h i s thorough i n v e s t i -
gat ions , long term data are requ i red for a reasonable est imate 
of groundwater . The impact of groundwater development will then 
be known and the planning based on conjuctive use of surface 
and groundwater will give thq economic f eas ib i l i t y of methods 
adopted . 
A r i v e r basin forms a closed system of surface and 
groundwater . Therefore , i t is essen t ia l that var ious aspec t s of 
water in t r ans i t are quant i ta t ive ly evaluated and definite recomme-
ndations in regard to i ts development made. As such, es t imate 
of groundwater r e c h a r g e , draft and balance of groundwater 
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a v a i l a b l e was c o n s i d e r e d to b e t h e i m p o r t a n t and u l t i m a t e a s p e c t 
oi g r o u n d w a t e r s t u d i e s in r i v e r b a s i n . Acco rd ing to K a r a n t h ( 1 9 8 7 ) , 
for p r o p e r a s s e s s m e n t of p o t e n t i a l , p r e s e n t use and a d d i t i o n a l 
e x p l o i t a b i l i t y at o p t i m a l l e v e l , of g r o u n d w a t e r r e s o u r c e s , i t 
is w i d e l y a c k n o w l e d g e d t h a t a b a s i n w i s e a p p r o a c h y i e l d s t he 
b e s t r e s u l t s . In t h e l i g h t of t h e a b o v e , t h e g r o u n d w a t e r b a l a n c e 
s t u d i e s of t h e s t u d y a r e a t h a t is u p p e r p a r t of t h e Gandak b a s i n 
h a s been c a r r i e d o u t . 
F i r s t of a l l , an a t t e m p t h a s been made to i d e n t i f y t h e 
v a r i o u s r e c h a r g e and d i s c h a r g e componen t s of g r o u n d w a t e r r e g i m e 
and t h e i r e f f e c t s , i t s v a r i a t i o n w i t h t i m e . For an a r e a , d u r i n g 
any p e r i o d of t i m e , t h e d i f f e r e n c e b e t w e e n t h e r e c h a r g e and 
t h e d i s c h a r g e is b a l a n c e d b y t h e change in g r o u n d w a t e r s t o r a g e . 
Thus t h e q u a n t i f i c a t i o n of a l l i t e m s of inf low and ou t f low from 
g r o u n d w a t e r r e s e r v o i r as w e l l as t he c h a n g e s in g r o u n d w a t e r 
s t o r a g e t h e r e i n fo rms t h e b a s i s of g r o u n d w a t e r b a l a n c e e q u a t i o n . 
In i t s s i m p l e s t form t h e g r o u n d w a t e r b a l a n c e e q u a t i o n may be 
e x p r e s s e d as 
I - O = ± A S 
Where I i s t h e sum t o t a l of al l t h e inflow i t e m s , 
O is t h e sum t o t a l of a l l t h e ou t f low i t e m s , 
and A S is t h e net c h a n g e in g r o u n d w a t e r s t o r a g e . 
GROUNDWATER RECHARGE 
The g r o u n d w a t e r r e c h a r g e p a r a m e t e r fo rms an i m p o r t a n t 
e l e m e n t of g r o u n d w a t e r r e s o u r c e e v a l u a t i o n . I t i s a p r o d u c t not 
on ly of h y d r o m e t e o r o l o g i c and h y d r o l o g i c p r o c e s s t a k i n g p l a c e 
on t h e s u r f a c e , bu t a l so of c o m p l e x s u b - s u r f a c e l i t h o l o g i c c h a r a c -
t e r i s t i c s and chang ing s i t u a t i o n s i m p o s e d by g r o u n d w a t e r r e c h a r g e , 
movement and d i s c h a r g e . 
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The major sources of groundwater recharge in the area 
are as follows: 
1. Recharge through rainfal l 
2. Recharge through canal seepage . 
3. Recharge through i r r iga t ion re turn flow. 
Annual Recharge 
I . Monsoon recharge 
(a) Geographical area = 2392 s q . km. 
(b) Average water tab le fluctuation = 0.60 m. 
(c) Specific y ie ld = 15% 
(d) IMD normal year ly rainfal l = 1251.60 mm. 
(e) IMD normal monsoon rainfal l = 1121.99 mm. 
(f) IMD normal non-monsoon rainfal l = 88.0 mm. 
(g) Average monsoon rainfal l (1979-89) = 1129.6 mm 
(h) Gross Kharif draft = 34.69 MCM 
(i) Inf i l t ra t ion factor = 15% 
Monsoon recharge = (Geog. area x W.L.F . x s p . y i e ld ) + 
Monsoon draf t - (Monsoon canal seepage + 
Monsoon recharge from surface water i r r iga t ion + 
, , , Normal monsoon rainfal l Monsoon groundwater r echarge) x —-. :—/-,\ + 
^ ^ Average monsoon rainfal l 
Monsoon recharge from surface water i r r iga t ion + Monsoon 
recharge through canal seepage . 
(2392 X 0 ,6 X 0 . 1 5 ) + 34 .69 - ( 5 3 . 0 9 + 244 .92 + 8 .67 ) x 
1121 99 
•^ •^ -^  • ^^ + 244 92 + 53 09 1129.60 '^'^''•^'^ + ^ • ' • " ^ 
215 .28 + 34 .69 - ( 3 , 0 6 . 6 8 ) x 0 .99 + 244.9Z + 53 .09 
249.97 - 303 ,61 + 244 ,92 + 53 ,09 
2 4 4 , 3 7 MCM 
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II. Non-monsoon recharge (a) 
Geog. area x Inf i l t ra t ion factor x Non-monsoon rainfal l 
= " ' ^^ - \''^ - «8 = 31.57 UCU 
10 
Total non-monsoon r echa rge ; 
= a + Non-monsoon canal seepage + Non-monsoon i r r iga t ion 
return flow 
= 31 .57 + 6 6 . 8 2 + 154.14 
= 252 .53 MCM 
Gross Recharge = Monsoon recharge + Non-monsoon recharge 
= 244 .37 + 252 .53 
= 496.90 MCM. 
Quantum of Recharge through Canal Seepage 
The seepage from canals depends on inf i l t ra t ion capac i ty 
of canal bed and s i d e s , sub-sur face Uthology, length of cana l , 
d i scha rge e t c . 
Satish Chandra (1983) opined the following equation to 
determine the canal seepage in a l luvia l regions of Uttar P r a d e s h . 
W = 0.005 C (B + D ) ° ' ^ ^ 
Where 
Vv = recharge from unlined bed of canal in cubic metre / 
sec/km 
B = Width of canal in metre 
D = Depth of water in met re -
C = Constant, 1 for in te rmi t ten t ly flowing canal and 0.75 
for continuously running canal . 
i 
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1. R e c h a r g e through Main Western Gandak Canal 
W = 0,005 C (B + D ) ° " ^ ^ 
= 0,005 X 0 ,75 {12 + 2 ) ° - ^ ^ 
= 0,005 X 0 .75 X 8,4 
= 0 ,031 m / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0 .031 x 72 
3 
= 2 .232 m / s e c 
( l a ) Non-monsoon r e c h a r g e 
2.232 X 60 X 60 X 24 X 182 = 35097753 m^ 
' ' ' " > ' ' ' ' = 35 MCM 
1000000 
( l b ) Monsoon r e c h a r g e 
2.232 X 60 X 60 X 24 X 182 = 35097753 m^ 
= 35 MCM 
Tota l non-monsoon and monsoon r e c h a r g e = 35 + 35 = 70 MCM 
(2) Recharge through Khajuria Breinch Canal 
W = 0.005 C (B + D ) ° ' ^ ^ 
= 0.005 X 1.0 (16 + 1 , 2 ) ° - ^ ^ 
= 0.005 X 1.0 X 6 .72 
3 
0.033 m / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0 .033 x 66 
3 
= 2 .178 m / s e c 
} 
( i ) Non-monsoon r e c h a r g e 
2 .178 X 60 X 60 X 24 X 100 = 18817920 m'^  
18817920 
1000000 18.81 MCM 
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( i i ) Monsoon r e c h a r g e 
= 2 .178 X 60 X 60 X 24 X 50 = 9374400 m^ 
9374400 9 .37 MCM 1000000 
Tota l non-monsoon and monsoon recharge = 1 8 . 8 1 + 9 .37 = 28 .18 MCM 
(3) Recharge through Rampur D i s t r i b u t a r y ' 
VV = 0 .005 C (B + D ) ° * ^ ^ 
= 0.005 X 1.0 (5 + 0 , 9 0 ) ° - ^ ^ 
= 0.005 X 3 .28 
3 
0.0164 m / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0.0164 x 11 .7 
= 0.191 m /sec 
( i ) Non-monsoon r e c h a r g e 
= 0 .191 X 60 X 60 X 24 X 48 = 792115.2 m^ 
792115.2 
1000000 = 0 .792 MCM 
( i i ) Monsoon r e c h a r g e 
= 0 .191 X 60 X 60 X 24 X 28 = 462067.2 m^ 
462067.2 . , , - , , „ . , 
= 1000000 = '•'"' ^ ^ ^ 
Tota l non-monsoon and monsoon r e c h a r g e ^ . 7 9 2 + 0 .462=1 .254 MCM 
4. Recharge through Prempur D i s t r i b u t a r y 
W = 0.005 C (B + D ) ° " ^ ^ 
= 0.005 X 1 (5 + 0 . 9 0 ) ° ' ^ ^ 
= 0.005 X 3 .28 = 0 .016 m ' ^ / s e c / k m 
Total r e c h a r g e in t h e a r e a = 0.016 x 24 .5 
= 0 .392 m / sec 
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( i ) Non-nj6nsoon r e c h a r g e 
= 0.392 X 60 X 60 X 24 X 51 = 1727308.8 m^ 
1727308.8 
1000000 
( i i ) Monsoon r e c h a r g e 
1.727 MCM 
= 0.392 X 60 X 60 X 24 X 32 
3 
1083801.6 m" 
108301.6 1.083 MCM 1000000 
To ta l non-monsoon and monsoon r e c h a r g e = 1 . 7 2 7 + 1 . 0 8 3 = 2 .810 MCM 
(5 ) Recharge through Bathai Minor 
W = 0.005 C (B + D ) ° ' ^ ^ 
= 0.005 X 1 ( 3 . 5 + 0 , 9 0 ) ° ' ^ ^ 
= 0.005 X 2 .69 = 0 .01 m ^ / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0 ,01 x 8.00 
= 0 . 0 8 m ^ / s e c 
( i ) Non-monsoon r e c h a r g e 
= 0.08 X 60 X 60 X 24 X 35 = 241920 m^ 
241920 
1000000 = 0 . 2 4 1 MCM 
(ii) Monsoon r e c h a r g e 
= 0.08 X 60 X 60 X 24 X 28 = 193536 m^ 
193536 
= 0 .193 MCM 1000000 
T o t a l non-monsoon and monsoon r e c h a r g e = 0 . 2 4 1 + 0 .193=0.434 MCM 
(6 ) Recharge through Mangalpur D i s t r i b u t a r y 
VV = 0.005 C (B + D)^'^'^ 
= 0 .005 X 1 ( 4 . 5 + 0 . 9 ) ° ^ ^ 
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0.005 X 3 .095 = 0.015 m ^ / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0 .015 x 2 0 . 7 
= 0 .320 m^ /sec 
( i ) Non-monsoon r e c h a r g e 
= 0.32 X 60 X 60 X 24 X 48 = 1327104 m^ 
= 1327104 
1000000 1.327 MCM 
( i i ) Monsoon r e c h a r g e 
= 0.32 X 60 X 60 X 24 X 32 = 884736 m^ 
884736 
1000000 0 .884 MCM 
Tota l non-monsoon and monsoon r e c h a r g e = 1.327 + 0.884 
= 2 .211 MCM 
(7) Recharge through Sapha D i s t r i b u t a r y 
W = 0,005 C (B + D ) ° ' ^ ^ 
= 0.005 X 1 ( 6 . 0 + 0 . 9 0 ) ° ' ^ ^ 
= 0.005 X 3.64 X 0 .018 m ^ / s e c / k m 
Tota l r e c h a r g e in t h e area = 0 .018 x 27 .00 
= 0 .492 m / sec 
( i ) Non-monsoon r e c h a r g e 
= 0,492 X 60 X 60 X 24 X 51 = 2169934.2 m^ 
2169934.2 
1000000 
( i i ) Monsoon r e c h a r g e 
2 .169 MCM 
0.492 X 60 X 60 X 24 X 32 = 1360281.6 m^ 
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1360281.6 ^ J 3^Q ^^^ 
1000000 
Tota l non-monsoon and monsoon r e c h a a r g e 
= 2 ,169 + 1.360 = 3 .529 MCM 
(8) Recharge through Kusmi Minor 
W = 0.005 C (B + D ) ° - ^ ^ 
= 0.005 X 1 ( 3 . 5 + 0 . 9 ) ° ' ^ ' ^ 
= 0.005 X 2 .69 = 0 .013 m ^ / s e c / k m 
3 
Tota l r e c h a r g e in t h e a r e a = 0 .013 x 7 .2 = 0 .097 m / s e c 
( i ) Non-monsoon r e c h a r g e 
3 
= 0 .097 X 60 X 60 X 24 X 35 = 293328 m 
293328 
:= 0 .293 MCM 1000000 
(ii) Monsoon r e c h a r g e 
0.097 X 60 X 60 X 24 x 28 = 234662 .4 m 
" ^ ^ ^ ^ • ^ . 0 .234 MCM 
1000000 
Tota l non-monsoon and monsoon r e c h a r g e = 0 .293 + 0 .234 
= 0 .527 MCM 
(9) Recharge through Amdariya D i s t r i b u t a r y 
VV = 0.005 C (B + D ) ° ' ^ ^ 
= 0.005 X 1 (6 + 0 . 9 5 ) ° * ^ ^ 
3 
0.005 X 3 .66 = 0 .018 m / s e c / k m 
Tota l r e c h a r g e in t h e a r e a = 0 .018 x 32 
3 
= 0.586 m / sec 
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( i ) Non-monsoon recharge 
= 0.586 X 60 X 60 X 24 X 51 = 2584245.2 m 
2584245.2 
1000000 
( i i ) Monsoon r e c h a r g e 
2 .58 MCM 
0.586 X 60 X 60 X 24 X 32 = 1620172,8 m 
1620172.8 , , , , , _ . , 
- 1,62 MCM 1000000 
Tota l non-monsoon and monsoon r e c h a r g e = 2 .58 + 1.62 
= 4 .2 MCM 
(10) Recharge through Dutnri D i s t r i b u t a r y 
W = 0.005 C (B + D ) ° ' ^ ^ 
=: 0 ,005 X 1 (5 + 0 . 9 5 ) ° * ^ ^ 
= 0 ,005 X 3.30 = 0.0166 m ^ / s e c / k m 
Tota l r e c h a r g e in the a r e a = 0 .0165 x 19 .2 
3 
= 0 .316 m / s e c 
{ i ) Non-monsoon r e c h a r g e 
= 0.316 X 60 X 60 X 24 x 35 = 955584 m^ 
955584 
1000000 
( i i ) Monsoon r e c h a r g e 
0.87 MCM 
0.316 X 60 X 60 X 24 X 32 = 873676.8 
873676.8 0 ,87 MCM 1000000 
Tota l non-monsoon and monsoon r e c h a r g e = 0.955 + 0.87 
= 1.825 MCM 
(11) Recharge through Sandia Minor 
W = 0,005 C (B + D ) ° " ^ ^ 
O.OOS X 1 ( 4 . 0 + 0 .90 ) 
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0.67 
3 
= O.OOS X 2 ,90 .- 0 .0145 m / s e c / k m 
3 
Tota l r e c h a r g e in the area = 0.0145 x 11 .2 = 0 .162 m / s e c 
( i ) Non-monsoon recharge 
= 0 .1662 X 60 X 60 X 24 X 35 =^  489888 m^ 
489888 
1000000 0.489 MCM 
( i i ) Monsoon recharge 
3 
= 0.162 X 60 X 60 X 24 X 28 = 391910.4 m 
391910.4 
1000000 0 .391 MCM 
Tota l non-monsoon and monsoon recharge = 0 .489 + 0 .391 
= 0.88 MCM 
(12) Kalyan D i s t r i b u t a r y 
f 
| 0 .67 
0.005 X 1 (5 + 0 .095 ) 
W = 0.005 C (B + D) 
0,67 
= 0.005 X 3 .30 = 0.0165 m ^ / s e c / k m 
3 
Total recharge in the area = 0.0165 x 17.5 = 0 .289 m / s e c 
( i ) Non-monsoon recharge 
0.289 X 60 X 60 X 24 X 48 = 1198641.7 m^ 
1198641.7 . , ^ „ ^ . „ ^ ^ 
= = 1.198 MCM 
1000000 
( i i ) Monsoon recharge 
= 0.289 X 60 X 60 X 24 X 32 = 799027.2 m^ 
Total non-monsoon and monsoon recharge = 1.198 + 0.799 
(13) Recharge through Rasulpur Minor 
W =0 .005 C (B + D ) ° - ^ ^ 
=0 .005 X 1 (5 + 0 .90 ) • 
= 0.005 X 3.28 = 0,016 m / s e c / k m 
3 
Total recharge in the area = 0 .016 x 18 .2 = 0.298 m / s e c 
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( i ) Non-monsoon recharge 
0.298 X 60 X 60 X 24 X 48 
1239559 
1239559 m-
1000000 1.239 MCM 
(11) Monsoon recharge 
0.298 X 60 X 60 X 24 X 32 
823910.4 
823910.4 m" 
1000000 
= 0.823 MCM 
Total non-monsoon and monsoon recharge 
= 1.239 •»• 0 .823 = 2 .062 MCM 
Total non-monsoon recharge through canals 
l a + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 + 10 + 11 + 12 + 13 
35 + 18 .81 + 0.792 + 1.727 + 0 .241 + 1.327 + 2 .169 + 0 .293 + 
2 .58 + 0.955 + 0 .489 + 1.98 + 1.239 = 66 .82 MCM 
Total monsoon recharge through canals 
la + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 +10 + 1 1 + 12 + 13 
35 + 9.37 + 0 .462 + 1.083 + 0 .193 + 0.884 + 1,36 + 0.234 + 
1.62 + 0.87 + 0 .391 + 0 .799 + 0 .823 = 53 .09MCM 
Recharge through Irrigation return flow 
Area under Kharif crop 
Area under non-monsoon crop 
Area p repared for sugarcane 
(1) Monsoon Period 
I r r iga ted area during Kharif 
Average wetted depth 
Total i r r i ga t on water appl ied 
1530.91 sq.km, 
1279.50 sq.km, 
13.47 sq.km. 
1530.81 
0.4 m. 
1530.81 X 0.4 
612 .32 MCM 
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40% of t o t a l w a t e r a p p l i e d i s t aken a r e t u r n 
612 .32 X 40 , . . - - , , ^ . , 
s eepage = YKQ = 244 .92 MCM 
( i i ) Non-monsoon per iod 
(1) I r r i g a t e d a r e a d u r i n g Rabi p e r i o d 1279.50 
Average w e t t e d d e p t h = 0 .4 m 
Tota l i r r i g a t i o n w a t e r a p p l i e d = 1279.50 x 0.4 
= 511.8 MCM 
•^ 0% of t o t a l w a t e r a p p l i e d i s t aken as 
r e t u r n seepage = ^'^"^'/oo^ ^^ ~ 153.54 MCM 
( i i ) I r r i g a t e d a r e a of s u g a r c a n = 13.47 
Average w e t t e d d e p t h = 0 . 1 5 
Tota l i r r i g a t i o n w a t e r a p p l i e d = 13.47 x 0 . 1 5 . 
= 2 .02 MCM 
30% of t o t a l w a t e r a p p l i e d i s t a k e n as r e t u r n 
2 .02 X 30 , , ^ , , 
seepage = ^QQ = MCM 
GROUNDWATER DRAFT 
Groundwater withdrawals through var ious groundwater s tructure 
such as state tubewel l s , p r iva te tubewel l s , pump s e t s , piersian 
wheels and open wel ls have been taken for groundwater draf t ca lcu-
i 
J a t i o n s . The un i t d r a f t for a l l t y p e s d tructures have been t a k e n 
as pier e s t i m a t e d Khanna (1981) f o r D e o r i a d i s t r i c t . 
( i ) Draf t by Sta te t u b e w e l l s 
Unit d r a f t of State t u b e w e l l s = 0 .21 MCM 
Tota l number of State t u b e w e l l s = 75 
Tota l d r a f t = un i t d r a f t x No. of t u b e w e l l s 
= 0 .21 X 75 
= 15 .73 MCM 
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( i i ) Draft by Pr ivate t u b e w e l l s 
Unit draft by private tubewells = 0.022 MCM 
Tota l number of p r i v a t e t u b e w e l l s = 1842 
Tota l d r a f t = Unit d r a f t x No. of P r i v a t e t u b e w e l l s 
= 0 .022 X 1842 
= 40 .52 MCM 
( i i i ) Draft by Pump s e t s 
Unit d r a f t by pumpset = 0 .0146 MCM 
Tota l number of pump s e t s = 4181 
Tota l d r a f t = Unit d r a f t x No. of Pump s e t s 
= 0 .0146 X 4181 
= 61 .042 MCM e 
( i v ) Draft by Pers ian w h e e l s 
Unit d r a f t by p e r s i a n w h e e l = 0 .01 MCM 
Tota l number of p e r s i a n w h e e l s = 15 
Tota l d r a f t = Unit d r a f t x No. of P e r s i a n w h e e l s 
= 0 .01 X 15 
= 0 .15 MCM 
( v ) Draft by Open w e l l s 
Unit d r a f t of Open w e l l = 0 .005 MCM 
Total number of Open w e l l s = 3879 
Tota l d r a f t z: Unit d r a f t x To ta l No. of w e l l s 
= 0.0055 X 3879 
= 21 .33 MCM 
Tota l d r a f t f rom d i f f e r e n t g r o u n d w a t e r s t r u c t u r e s 
= (i ) + ( i i ) + ( i i i ) + ( i v ) + ( v ) 
= 15.73 + 40 .52 + 61 .04 + 0.15 + 21 .33 
= 138.77 MCM 
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Water Balance 
Net r e c h a r g e = 851 of the Gross r e c h a r g e 
= 422.36 MCM 
Nett d r a f t = 70% of the t o t a l d r a f t 
= 97 .13 
Net r e c h r g e - To t a l d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
422.36 - 9 7 . 1 3 = 325 .23 MCM 
U t i l i s a b l e g r o u n d w a t e r r e s o u r c e p o t e n t i a l = 325 .23 MCM 
The above e v a l u a t i o n of g r o u n d w a t e r r e s o u r c e of the a r e a 
s h o w s t h a t t h e r e i s an ample scope f o r la rge sca l e g r o u n d w a t e r 
d e v e l o p m e n t in the Gandak b a s i n . 
Table 12: Es t ima te of g r o u n d w a t e r ba lance a v a i l a b l e f o r f u t u r e 
d e v e l o p m e n t in P a d r a u n a s u b - d i v i s i o n of d i s t r i c t D g o r i a , 
t J t ta r P r a d e s h i s f u r n i s h e d b e l o w . 
G e o g r a p h i c a l G r o s s G r o s s Net 
a r e a Recharge Draf t f techarge 
s q . k m . in MCM in MCM in MCM 
Net G r o u n d w a t e r 
Draf t Balance 
in MCM in MCM 
2392 496 .90 138.77 422.36 97 .13 325 .23 
STATUS OF GROUNDWATER DEVELOPMENT 
In o r d e r to d e t e r m i n e the s t a t u s of g r o u n d w a t e r d e v e l o p m e n t 
in the s t u d y a r e a , as p e r the NABARD'S (Na t iona l Bank f o r A g r i c u l -
t u r a l and Rura l D e v e l o p m e n t ) n o r m s , have Ibeen t a k e n i n t o acount 
w h i c h are as f o l l o w s : 
S t a t u s of d e v e l o p m e n t 
L e s s t han 65% 
65 - 85% 
More t han 85% 
Ca tegory 
White or safe a r e a 
Grey or semi c r i t i c a l 
Dark or c r i t i c a l 
PLATE-IV 
Inlda mark-II hand pump under intensive use 
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c r- J 4 . r ^ i . N e t yea r ly draf t , . -
Status of Groundwter Development =-—-——^ '- -^ j r — x 100 
Net recoverable recharge 97.13 . ^ 100 
422.36 
= 22,99% 
In Padrauna subdivis ion only 22.99% of groundwater resource 
has been developed so f a r . Hence it f a l l s under the ' w h i t e ' 
category . 
Surplus groundwater and scope for further development 
Study indicate that the u t i l i z ab l e j groundwater resource 
potent ia l is 422.36 MCM, out of which 97.13 MCM net draf t i s 
a l ready being e x t r a c t e d for domestic and i r r iga t iona l needs and 
res t 325.23 MCM is avai lable for fu r the r development . Quantity 
avai lable for f u r t h e r groundwater development i s es t imated as 
227.66 MCM after reserv ing 30% for domestic u s e . This quantity 
can be ut i l ized by constructing addi t ional shallow and deep t ube -
we l is in f uture . 
3 
An average well with an y ie ld of 30 m / h r with 6 h r s 
of pumping per day and 120 day cf pumping per year wil l allow 
wi thdrawal of 0.0216 MCM/yr/per tube- well . There fore , with 
a unit d ra f t of 0.0216 MCM/yr/pier tube w e l l , i t wi l l be possible 
to cons t ruc t about 5907 shallow tubewells and 476 deep tubewel ls 
with a unit draf t oof 0.21 MCM/yr/deep tubeweH in the a rea . 
The tubewells may be constructed in a phased manner over a per iod 
of .5 y e a r s . F u r t h e r , these tubewel ls can create an addi t ional 
i r r iga t ion potent ia l in the a rea . The groundwater resource potent ia l 
cf the area is quite large but is p rac t i ca l ly unuti l ized as the 
area l ies under the Gandak Canal Command. The groundwater may 
/be t ranspor ted to some other water deficient area for i t s p rope r 
I uti l iza t ion. 
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However, a constant monitoring of the water level must 
be ca r r i ed out, v i s - a - v i s r i se in water level consequent to the 
excess ive canal seepage resul t ing into the acute waterlogging 
s i tuat ions in the a rea . 
CHAPTER - VI 
H Y D R O C H E M I S T R Y 
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HYDROCHEMISTRY 
Groundwater forms a major source of dr inking water for 
urban and rura l water supp l i e s in Ind ia , Since qua l i ty of publ ic 
heal th depends to a great extent on the qual i ty of dr inking water 
i t i s impera t ive tha t indepth information about the qual i ty of 
water be sys temat ica l ly col lected and monitored (Biswas and Saha, 
1983), S imi la r ly , chemical s tud ies of water to be used for i r r i g a -
tion and indus t r i a l purposes are equaly e s s e n t i a l . In the present 
chap te r same has been d iscussed at grea ter length . 
About 86 groundwater samples were col lected during June, 
1988 and 22 samples during June, 1989 from different groundwater 
s t ruc tu res spread over the en t i r e area (F ig . 50) . To s tudy the 
i n t e r - r e l a t i o n s h i p between groundwater and surface wa te r , 10 samples 
were col lected from five different s ta t ions located at Gandak r i v e r 
bank. F u r t h e r , 5 more samples from the sugar factory effluents 
(one from each ) were taken to s tudy the poss ib le contamination 
of groundwater of the area by these effluentsl 
t 
SAMPLING 
Treatment of Container Prior to Collection 
Prior to the col lect ion of var ious water samples the 
bot t les were cleaned sequent ia l ly as follows: a detergent wash , 
tap water r inse soaking in 1% HNO, for 24 hr and high pu r i t y 
r i n s e . The bot t les to be used for collection were then d r i ed at 
103°C for 1 h r , cooled to room temperature capped and label led 
Sample Collection 
The water samples were collected in well cleaned polythene 
one l i t re screw cap bot t les during the year 1988 and 1989. The sam-
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Fig. 50. Map showing the sampling location in the study area. 
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p i e s were t a k e n from d i f f e r e n t g r o u n d w a t e r s t r u c t u r e l i k e o p e n 
w e l l s and d e e p tube w e l l s In d u p l i c a t e fo l lowing norma l p r o c e d u r e 
d e s c r i b e d b y Handa ( 1 9 8 4 ) . Out of t h e d u p l i c a t e w a t e r s a m p l e 
c o l l e c t e d one g r o u p of w a t e r s a m p l e s w e r e k e p t for t h e p h y s i c o -
c h e m i c a l e x a m i n a t i o n w h i l e t h e o t h e r s w e r e I m m e d i a t e l y a c i d i f i e d 
w i t h 10 ml 6 N HNO for t r a c e e l e m e n t s , d e t e r m i n a t i o n s . S a m p l e s 
a f t e r c o l l e c t i o n were c a p p e d and s e a l e d w i t h wax i n s t a n t l y in 
t he f i l e d . 
Analy t i ca l Procedure 
The p h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s of w a t e r s a m p l e s 
were d e t e r m i n e d a c c o r d i n g t o t h e s t a n d a r d m e t h o d s (APHA, 1 9 8 0 ) , 
J a c k s o n ( 1 9 5 8 ) , T r i v e d y and Goel (1984) in t he G e o c h e m i c a l 
L a b o r a t o r y of t h e Geology D e p a r t m e n t , A l i g a r h Ivjuslim U n i v e r s i t y , 
A l i g a r h . S a m p l e s for t r a c e e l e m e n t s a n a l y s e s w e r e f i l t e r e d t h r o u g h 
Whatman f i l t e r p a p e r n o . 1 and 500 ml of t h e f i l t e r e d s a m p l e s 
w e r e a c i d i f i e d aga in w i t h 5 ml of 6 N HNO. b e f o r e c o n c e n t r a t i n g 
to 50 ml ( P a r k e r , 1 9 7 2 ) . The c o n c e n t r a t e d s a m p l e s for h e a v y meta l 
c o n c e n t r a t i o n s w e r e a n a l y s e d u s i n g GBC-902 Double Beam Atomic 
A b s o r p t i o n S p e c t r o p h o t o m e t e r ( A u s t r a l i a ) i n t o t h e s ame l a b o r a t o r y , 
b l a n k s a m p l e was made for e a c h s p e c t r o p h o t o m e t r i c a n a l y s i s i n 
o r d e r to account for any a n a l y t i c a l and i n s t r u m e n t a l e r r o r . The 
a n a l y t i c a l t e c h n i q u e s a d o p t e d for t h e e s t i m a t i o n of v a r i o u s c o n s t i -
t u e n t s h a v e been g i v e n in T a b l e 1 3 . 
T a b l e 1 3 : A n a l y t i c a l t e c h n i q u e s for c h e m i c a l a n a l y s i s 
S .No . C o n s t i u e n t s T e c h n i q u e s e m p l o y e d 
1. pH pH - C o n d u c t o m e t r e 
-, p ^ ( C o n s o r t - B e l g i u m ) 
3 . Co^" T i t r a t i o n 
4. HCOj T i t r a t i o n -
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5. CI T i t r a t i o n ( A r g e n t o m e t r i c ) 
6. ^ ^ a ' T u r b i d i m e t r i c 
7. Tota l H a r d n e s s T i t r a t i o n 
8. F " C o l o r i m e t r l c m e t h o d 
9 . TDS Vo lume t r i c m e t h o d 
10. NO;^  C o l o r i m e t r i c m e t h o d 
1 1 . I S p e c i f i c Ion e l e c t r o d e 
12. Na* Atomic A b s o r p t i o n S p e c t r o -
p h o t o m e t r e 
13 . K"^  
14. Ca""^ 
15 . Mg"^^ 
16. T r a c e e l e m e n t s " 
Analy t i ca l Resu l t s 
D e t a i l s of t h e c h e m i c a l a n a l y s i s r e a u l t a r e g i v e n i n t h e 
o p p e n d i x VII . However t h e a v e r a g e c o n c e n t r a t i o n of major ^nd 
t r a c e e l e m e n t s a r e g i v e n be low i n t h e fo l lowing t a b l e 14. 
P e r u s a l of t h e t a b l e i n d i c a t e t h a t pH v a l u e s a r e w i t h i n t h e 
r e c o m m e n d e d l i m i t s of b o t h n a t i o n a l and i n t e r n a t i o n a l g u i d e l i n e s , 
w h i c h i n d i c a t e t h a t t h e g r o u n d w a t e r of t h e a r e a i s a l k l i n e in 
n a t u r e . T h e v a l u e s of e l e c t r i c a l c o n d u c t i v i t y (EC) b e t w e e n 250 
to 750 m i c r o o m o h o s / c m a t Z5°C r e f l e c t t h a t g r o u n d w t e r of t h e 
a r e a i s m o d e r a t e l y m i n e r a l l i s e d . F u r t h e r , l v a l u e s of c a t i o n s and 
an ions a r e a l s o found we l l w i t h i n the p r e s c r i b e d l i m i t s . S u l p h a t e 
w i t h a s s o c i a t i o n of sodium or magnesium may g i v e r i s e some i r r i t a -
t ion to t h e u s e r at l e v e l s e n c o u n t e r e d in t h e a r e a . The c o n c e n t r a -
' t i o n of f l u o r i d e i s low w i t h e x c e p t i o n a l h i g h v a l u e s w h i c h i s 
a l a r m i n g . The h igh c o n c e n t r a t i o n i s p o s s i b l y due t o t h e p r e s e n c e 
of f l u o r i d e ion in s u g a r f a c t o r y e f f l u e n t s . T h e c o n c e n t r a t i o n of 
i o d i n e , in g r o u n d w a t e r of t h e a r e a i s c o m p a r a t i v e l y low and h a v e " 
c a u s e d t h e p r e s e n t p r o b l e m of g o i t r e i n t h e r e g i o n . H o w e v e r , 
t r a c e meta l c o n c e n t r a t i o n s a r e we l l b e l o w t h e p r e s c r i b e d l i m i t s 
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with excepional high values of i ron in few sample s . The small 
amount of t he se micronutr ients may c r e a t e s some problem due to 
the continuous bioaccumulation in the human t i s s u e s . The significance 
of the ind iv idua l ions and elements a re d iscussed in de ta i l in 
the coming p a r a g r a p h s . 
f 
WATER QUALITY CRITERIA IN RELATION TO ITS USE 
The in t e rp re t a t ion of a chemical analyses i s a h ighly sub jec -
t ive matter and i t i s not poss ib l e to have a s ingle c r i t e r i a that 
can have un iversa l app l i ca t ion . There fo re , a cer ta in accepted 
s tandard has been adopted whi le doing the i n t e rp re t a t i on of chemical 
analyses r e su l t s of water in re la t ion to i t s use for domest ic / 
d r ink ing , i r r i ga t i on and i ndus t r i a l u s e s . With th i s object in view, 
following c r i t e r i a has been adopted for i n t e rp re t a t i on of the 
r e s u l t . 
Water qua l i ty for domestic and dr inking uses 
Various organisations all over the World Viz. United States 
Public Health Service (USPH, 1962), World Health Organisation 
(WHO, 1971), United States Environmental Protect ion Agency (USEPA, 
1983), Indian Council of Medical Research (ICMR, 1975) and Indian 
Standard Inst i tut ion (ISI, 1983) have la id down cer ta in guidel ines 
for the evaluation of water qual i ty for domestic supp l ies and 
accordingly the concentrat ion of Indiv idua l ions and elements have 
been d i s c u s s e d . 
Hydrogen Ion Concentration (pH) 
pH i s the measure of the in tens i ty of ac id i ty or a lka l in i ty 
and measures the concentration of hydrogen ions in water (Tr ivedy 
& Goel, 1984). It i s said tha t pH i s l ike ly to g ive r i s e to off-
t as te and to promote cor ros ion . The h ighes t d e s i r a b l e level quoted 
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Is 7.0 to 8.5 whi le the maximum pe rmis s ib l e level is given as 
6.5 to 9 .2 . However, as per t h e US department of t h e In t e r i o r , 
the pe rmi s s ib l e range i s given as 6.0 to 8 .5 . The importance 
of pH in a t reated water supply is to prevent corrosion of metal 
p ipes and f i t t ings . 
General ly , the shallow groundwater in the study a rea is 
moderately a lkal ine In react ion with values of pH ranging between 
7.04 to 8.75 during June (1988) and .7.12 to 7.78 June (1989). 
For deep groundwater , pH values ranged between 8.00 to 8.5 
(1988) and 7.28 to 7.80 in June (1989). The pH values in general 
are within the range of po tab le wa te r . 
E lec t r ica l Conductivity (EC mIcrom<3hoVcm at ZS'C) 
Elec t r ica l conduct iv i ty i s t he measure of t h e mineral isa t ion 
and has a d i r ec t bearing on the sa l in i ty and water s u p p l y . It 
l i s also a useful determinat ion in o rde r to see if the qual i ty of 
water has undergone any except iona l changes . However, it is a 
good indicator of indus t r ia l po l lu t ion . The figure 51 & 52 shows 
the d i s t r i bu t ion of e l e c t r i c a l conduct iv i ty values of the shal low 
and deep groundwater . A perusa l of the map indicates that in 
nor thern port ion of the area along Great Gandak r i v e r EC value 
are less than 250 and in ea s t e rn port ion EC is more than 750. 
The EC values ranging between 250 to 750 cover the major p a r t 
of the a r e a , with the except ion of cent ra l pa r t where the values 
are recorded less than 250. In case of deep groundwater EC values 
are l e s se r than the EC values of shallow groundwater . Both in 
the nor thern and southern pa r t of the area the EC values are 
more than 250 while in cent ra l par t the EC values are less thai 
250. The highest value of EC is however , recorded in a well 
water of Misrapat t i as 1128 mmho/cm at ZS'C. ,^r \. 
::i 
\r' 
Carbonate 
The concentration of carbonate In shallow groundwater ranges 
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Fig. 51. Electrical conductivity map of shallow groundwater. 
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Fig. 52. Electrical conductivity map of deep groundwater. 
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from nil to 75 mg/1 in 1988 and nil to 18 mg/1 in 1989. In deep 
groundwater it ranges between nil to 18 mg/I during 1988 and nil 
to 9 mg/1 during 1989. 
Bicarbonate 
Bicarbonate concentrat ion in shal low groundwater va r i e s 
from 110 to 1068 mg/1 during 1988, and 137 o 545 mg/1 (1989) 
while in case of deep groundwater it ranged between 126 to 350 
mg/1 during (1988) and 196 to 284 mg/1 during (1989). 
Chlor ide 
Indian Council of Medical Research (1975) while recommen-
ding 200 mg/1 as d e s i r a b l e l imits of ch lo r ide in potable waters 
has also laid down 1000 mg/1 as the maximum pe rmis s ib l e l imit 
where no other a l te rna t ive source is a v a i l a b l e . High concentrat ion 
of ch lo r ide give an undes i rab le tas te to water and b e v e r a g e s . 
Lockhart et a l . (1955) have repor ted tha t the tas te t h r e s h o l d s 
for ch lo r ide ion in water va r i ed from 210 to 310 mg/1. However, 
infants and young c h i l d r e n may suffer If they consume water high 
in ch lo r ide as t h e i r de l ica te kidney t i s sue may be damaged by 
the h igher osmotic p r e s su re brought about by the presence of 
high concentratioTis of s a l t s . It i s , t h e r e f o r e , important tha t the 
ch lo r ide content of water supp l ies should be kept as low as 
p o s s i b l e . The guideline value for ch lo r ide in dr inking water is 
250 mg/1, based on the tas te cons idera t ion (WHO, 1984). 
The analyt ical r e su l t s were p lot ted (Fig . 53) which shows 
that the concentration of ch lo r ide in both shal low and deep ground-
water is less than 150 mg/1 except in e a s t e r n pa r t of the area 
where value exceeds upto 231 mg/1 in shallow grooundwater . 
Sulphate 
High concentration of su lpha tes in associat ion with sodium 
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Fig. 53. Chloride distribution map of the area. 
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or magnesium in the dr inking water might give r i s e to gas ro in t e s -
t inal i r r i t a t i o n . At h igher concentration sjalphate can have a 
laxat ive effect (WHO, 1984). Water containing magnesium sulphate 
at leve ls about 1000 mg/1 acts a purgat ive in a d u l t s , while lower 
concentrat ions may affect new users and c h i l d r e n . Sulphate general ly 
have less effect on tas te than ch lo r i de s and ca rbona tes . Taste 
t h r e s h o l d s vary according to the associated cation and are in 
the range of 200-500 mg/1. 
The concentration of sulphate has been found to vary between 
72 to 147 mg/1 in shallow groundwater and 78 to 125 mg/1 in deep 
groundwater . 
Hardness• 
There is evidence tha t death r a t e s from ca rd iovascu la r 
d i seases are Inversely co r re l a t ed with the ha rdness of wa te r , 
but the re Is Insufficient proof that e i t h e r the calcium or the 
magnesium In water Is d i r e c t l y Involved . Public accep tab i l i ty 
of the degree of hardness of water may vary cons iderab ly from 
one community to another , depending upon local condi t ion, and 
In some Instance a water ha rdness In excess of 500 mg/1 is t o l e r a t e d . 
The tas te t h r e s h o l d for the calcium- ion is in the range 
of 100-300 mg/1 depending upon the associiated anion. Depending 
the Interact ion of o ther f ac to r s , such as pH and a l k a l i n i t y , water 
with a ha rdness above approximate ly 200 mg/1 may cause scale 
deposi t ion In the d is t r ibut ion sys tem. The guideline value for 
hardness at 500 mg/1 (as CaCO,) Is based on t as te and household 
use considera t ion (WHO, 1984). 
The concentrat ion of to ta l ha rdness have been p lo t t ed 
(Fig . 54) which r evea l s that In major port ion of the area concen-
t ra t ion Is less than 200 mg/1. However, It can be seen from the 
r e su l t s tha t the concentration are well within the p r e s c r i b e d l imits 
of WHO (1984). 
Fig. 54. Total hardness map of the area. 
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Sodium 
Sodium concentrat ion In d r ink ing-wate r depend on fac to r s , 
such as hydrogeological condi t ions , the season of the y e a r , and 
indus t r i a l a c t i v i t i e s in an a r e a . Sodium leve ls in d r ink ing-wate r 
are normally below 50 mg/1 . As per WHO (1978) recommendations 
that the Intake of sodium should be reduced in o rde r to protect 
human heal th because sodium cont r ibuted to the Increase incidence 
of high blood p r e s s u r e , and is poss ib ly respons ib le for some 
ca rd iac f a i l u r e s . Moveover, the sudden deaths of Infants could 
be associa ted with the high sodium content of a r t i f i c ia l feeds 
p repa red with waters containing high sodium contents and with 
d r i ed c o w ' s mi lk . The t a s t e t h r e s h o l d concentrat ion of sodium 
In water depends on the associa ted anions and tempera ture of the 
t 
solut ion. The guideline value of 200 mg/I Is based on tas te cons i -
derat ions. 
The concentration of sodium in shal low groundwater ranged 
between 20 to 200 mg/1 during 1988 and 61 to 178 mg/1 during 
1989. In case of deep groundwater values ranged between 54 to 
106 mg/1 during 1988 and 68 to 116 mg/1 during 1989. 
Potassium 
The concentration of potassium is general ly low in ground-
wa te r . Potassium sa l t s are of t he r epeu t i c value in the t reatment 
of familiar pe r iod ic p a r a l y s i s while no des i r ab le or excess ive 
limit for potassium have been s e t , though 1000-2000' mg/1 seems 
to be the extreme limit for K-lon in d r ink ing wate r . 
The concentration of K In shal low groundwater ranged from 
3 to 104 mg/1 during 1988 and 6 to 38 mg/1 during 1989, while 
In deep groundwater it ranged between 9 to 39 mg/1 1988 and 6 
to 31 mg/1 1989. 
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Calcium 
Calcium is an essen t ia l element and human body r e q u i r e s 
0.7 to 2.00 gm/day . However, larger doses may be r equ i red by 
pregnant or lactat lng womens or growing c h i l d r e n . The absence 
of .calcium In very soft waters has been considered re spons ib le 
for r i c k e t s , decayed teeth e t c . while hard waters having high 
calcium concentration may add to ur inary d i s o r d e r s e t c . The l imits 
of calcium In dr inking waters are not based on heal th considera t ion 
as even water having 100 mg/1 of calcium Is h a r m l e s s . An average 
dal ly adult requirement of calcium i s lomg/kg of body weight 
and for growing ch i ld r en 40.6 mg/kg of body weight . 
The concentration of calcium In shallow groundwater ranged 
between 10 t o 44 mg/1 (1988) and 11 to 42 mg/1 (1989). In deep 
groundwater it ranged between 13 t o 42 mg/1 (1988) and 8 to 34 
mg/1 (1989). 
Magnesium 
It Is one of the constituent respons ib le for hardness of 
water , while low concentrations are not harmful , h igher concent-
ra t ions are l a x a t i v e . The concentration of magnesium has been 
found to vary in shallow groundwater 13 t o 150 mg/1 (1988) and 
30 to 88 mg/1 (1989). In deep groundwater the concentration ranged 
between 13 to 62 mg/1 (1988) and 15 to 48 mg/1 (1989). 
Total Dissolved Solids 
Total d i s so lved so l ids consist of Inorganic subs tances . The 
pr inc ipa l const i tuents of TDS are calcium, magnesium, sodium, 
b i ca rbona te s , c h l o r i d e s , and s u l p h a t e s . An Important aspect of 
TDS, with respec t to drlngklng water qua l i y , i s the effect on 
t a s t e . The p a l a t a b i l i t y of water with a TDS level of less than 
600 mg/1 is general ly considered to be good whereas at TDS level 
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greater than 1200 mg/1 , dr inking water becomes increasingly unpala-
t a b l e . Indian Council of Medical Researh (1975) while recommending 
500 TDS in potable water has a l so laid down maximum permiss ib le 
l imits of 1500 mg/1 TDS where no a l t e rna t ive source is a v a i l a b l e . 
According to WHO (1984) the guideline value of 200 mg/1 is based 
on t as te cons ide ra t ions . ' 
The values of TDS in shal low groundwater ragard between 
92 t o 712 mg/1 and 104 to 466 mg/1 fn June 1988 & 1989 r e s p e c -
t i v e l y . In case of deep groundwater values ranged between 79 
to 270 mg/1 June, 1988 nd 132 to 302 mg/1 in June 1989. 
Fluoride 
Fluoride is na tura l ly present in some food stuffs as well 
as in wa te r . There i s no evidence of harmfull effects associa ted 
with the r e l a t i v e l y low l eve l s to which people are commonly 
e x p o s e d . It becomes toxic to animals and human beings when present 
at more than 1 mg/1 concentration in dr inking water (Galagan and 
Vermil l iaan, 1957). At l eve l s above 1.5 mg/1, mottling of tee th 
has been repor ted very occas ional ly , and at 3 .0-6.00 mg/1 ske le ta l 
f luorosis may be o b s e r v e d , when a concentration of 10 mg/1 is 
exceeded , it may cause c r ipp l ing problem. Since the recommendations 
on fluoride content were made and pub l i shed in the in ternt ional 
s t andards of dr inking wa te r , t he re has been no general ly accepted 
evidence that would just ify any changes in the guideline va lue . 
Mottling of t ee th are sometimes associa ted with f luoride leve ls 
above . 1.5 mg/1 in dr inking wate r , t h i s concentration i s recommended 
as the guideline value (WHO, 1984). 
The concentration of fluoride in shal low groundwater ranged 
between 0.08 to 0.85 mg/1 (1988) and in case of deep groundwater 
it ranged between 0.11 to 0.72 mg/1 (1988). 
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Nitrate 
Study of the d i t r ibu t ion of n i t r a t e s in dr inking water has 
become e s s e n t i a l . 
Nitrate t o x i c i t y in humans was f i rs t r epor t ed by Comly 
(1945) who diagnosed methaemoglobinaemia in infants exposed t o 
high n i t ra te containing wa te r . There i s a l so poss ib le link between 
high ni t ra te consumption and cer ta in type of cancer (Windle Taylor , 
1975). 
The n i t r a te concentration in shallow groundwater ranges 
between 2.00 to 21.00 mg/1 (1988) and in deep groundwater i t 
ranges from 3.00 to 11.00 mg/1 (1988). 
Iodine 
Iodine i s an element ac t ive ly involved in the metabolic 
action of human be ings . General adult human requirement of iodine 
is about 150-200 mg/1 per day (Underwood, 1977), Milk and da i ry 
products are now major d i e t a ry sources of i o d i n e . It is necessary 
for the syn thes i s of thyrox ine in the t h y r o i d gland. Swelling 
of Colloid goitre an endemic disease of g o i t r e , is caused by the 
exhaust ion of thyrod ine by the deficiency of iodine in all food 
stuffs including water . Excess ive presence of calcium impedes 
the normal absorpt ion of iodine through the human diges t ive sys tem. 
Excess of calcium in food or water may be goi t rogenic , even if 
sufficient concentrations of iodine are a v a i l a b l e . 
Iodine content in water (0.6 mg/1)). promotes the growth 
of some bac ter ia l spec ies (Black, 1961; Favero and Drake, 1964) 
that are causing i l l - h e a l t h / d i s e a s e s in human be ings . 
The average concentration which have been recorded in 
groundwater is about 15 u g / 1 . It ranges from 0.01 o 28 ug/1 (Babu 
and Rao, 1989). The normal range r equ i r ed are 10 mg/1 . Sharma 
PLATE-V 
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and Ghose (1987) r epor ted that the concentration of iodine in Gandak 
r i v e r water on an average i s 3.5 ug/1 while i t ranges from 1 
to 8 u g / 1 . The low iodine content of Gandak, spec ia l ly in foot-
h i l l s of the Himalayas, has been the chief cause of go i t r e . 
To s tudy the source , cause and effect r e la t ionh ip only 
10 samples were analysed for iodine which ranges in concentration 
from 0.03 ug/1 to 12 u g / 1 . An special inves t igat ion per ta ining to 
the goitre epedemic in a pa r t i cu la r v i l l a g e , namely Rampur Jangal 
was ca r r i ed out . Photographs of two pa t ien ts were taken and sample 
was collected from the sources which were under the use by the 
above pat ients and ana lysed . The analyt ica l data reveal that the 
concentration of iodine in the sample of t h i s vi l lage is very low 
i . e . 0.03 ug/1 (average of two sample) in comparison of normal 
value of 10 mg/1 . The low concentration of iodine can poss ib ly 
be a t t r i bu ted to the dilution of ground water through inf i l t ra t ion 
of surface wa te r . 
The general requirement of iodines for adult male r e q u i r e s 
0.1-4 mg and adult female needs 0.1 mg of iodine eve ry d a y . Growing 
c h i l d r e n , pregnant and lac ta t ing women need l a rge r allowances 
of iodine (Ghai, 1990). Salt i s being iod i sed to prevent h igher 
incidence of endemic goitre in regions with low iodine content . 
TRACE ELEMENTS 
Certain e l emen t s , the so cal led t race elements in very 
low concentration p lay a very important role in the d ie t s of human 
and animals and in the hea l thy growth of the p lants (Handa, 1983). 
However, these very elements at h igher l eve l s may prove injurious 
or even toxic to animal get a par t of total intake of these t race 
const i tuents through diet oi food, a par t may also be suppl ied 
through the medium of dr inking water and b e v e r g e s , Defi t tencies ' of 
20-24 elements in animals and man (F r i ed in , 1972) and 13 - 17 
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elements in plants have been recognised (Eps te in , 1965). It must 
be s ta ted that it i s not the overal l concentration of an element 
that is impor tant , but the spec ies of metal present in water that 
is ava i lab le to an organism or plant tha t must be taken into 
cons idera t ion . The presen d e s c r i b e s the total concentration of 
parameter or trace constituent present in groundwater of the s tudy 
a r ea . 
Iron 
Iron i s an objectionable constituent in water supp l ies for 
e i t h e r domestic or indutriii l u s e . Iron app rec i ab ly affects the 
tas te of beverage (Riddick , et al . 1958) and can s ta in laundered 
c loths and plumbing f i x t t u r e s . A s tudy by the Publuc Health 
Service (Cohen, et al . 1960) ind ica tes tha t the t a s te of i ron may 
be dected r ead i l y a 1.8 mg/1 in spr ing water and 3,4 mg/1 in 
d i s t i l l ed water (Train , 1979). The presence of i ron can give r i s e 
to an astr ingent t a s t e , d i sco lo ra t ion , depoits of rust and could 
promote the growth of i ron b a c t e r i a . ' 
Although iron is essen t ia l element in human nutr i t ion (WHO, 
1984) but becomes h ighly tox ic when adminis te red pa ren t t e ra l l y 
(Fai rbanks et al . , 1971). Since iron compounds are used ex tens ive ly 
in water t r ea tmen t , the guideline value for iron of 0.3 mg/1 was 
chosen as a compromise . 
The concentration of i ron in shal low groundwater ranges 
between 0.026 t to 2.231 mg/1 (1988) with an except ion abnormal 
values of 4.457 aand 5.299 mg/1 in two w e l l s . 
Copper 
Copper is recognised as an essen t ia l element for both plants 
and animals (Drinking Water and Heal th , 1977 and World Health 
Organisat ion, 1973). Elevaed concentration of copper in serum are 
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observed in a large number of acute and Chronic d i s e a s e s . It 
is considered to be nontoxic at l eve l s encountered in dr inking 
wa te r . The greates danger of t ox i c i t y a r i s e s when ch i ld ren consume 
acidic beverage that have been in contact with copper containers 
or vesse ls (Food and Drug Adminis t ra t ion, 1975). There is a repor t 
of an infant fa ta l i ty associated with the dr inking of water tha t 
contained copper at 6.75 mg/1 for 14 months. 
Copper concentration ranged between 0.066 t o 0.027 mg/1 
in shal low groundwater which i s well within the p r e s c r i b e d l imi t s 
of 0.05 mg/1 (WHO, 1984). 
Manganese 
At leve l s exceeding 0.15 mg/1, manganese in water supp l i e s 
s ta ins plumbing f ix tures and l a u n d r y . At h igher concent ra t ions , 
it causes an undes i rable tas te in beve rages . In common with i ron , 
i t s presence in dr inking water may lead to the accumulation of 
depos i t s in the d i s t r ibu t ion system (WHO, 1984). Manganese 
ac t iva tes a host of c r i t ica l in t race l lu la r enzymes . The metals appear 
to play a role in oxidat ive phosphory l a t i on , fat ty acid metabolism 
e t c . It has neurological s y s p t o m s . The concentration ranges from 
0.005 to 0.081 mg/1 (which i s r e l a t i v e l y high as compared to 
WHO guidel ines (0.05 mg/1) but well within the l imi t s of ICMR, 
1975 (1 mg/1) . 
Zinc 
Zinc i s an essen t ia l element in human nu t r i t ion . It is not 
a danger to heal th ' excep t at extremely high concentrations and 
indeed it is an essen t ia l e lement . The da i ly requirement is 4-10 
mg depending on age and s e x . Food p rov ides the best source of 
z inc . Long term ingestion of quant i t ies cons iderab ly in e x c e s s 
of these amounts does not resul t any adverse e f f ec t s . The guideline 
180 
value for zinc in dr inking water i s 5.0 mg/1 , based on tas te 
considerat ion (WHO, 1984). The concentrations encountered in shal low 
groundwater of the area ranged between 0.004 to 2.31 mg/I . 
Lead 
Considerable attention has been paid in recent years to 
the l eve l s of lead in wa te r . 
Lead i s one of the hazardous and potent ia l ly harmful 
po l lu t an t s . It has i t s impact both on man and animals . Lead 
poisoning symptoms usually develop slowly with in tes t inal c r a m p s , 
pe r i phe ra l nerve p a r a l y s i s , anaemia and severe fa t igue. It causes 
mental re ta rda t ioon among c h i l d r e n , inc reases abort ion ra tes and 
in fe r t i l i t y in males . Moreover, lead a lso causes hyper tens ion 
(Verma, 1987). Fur the rmore , the epidemiological data suggest tha t 
dr inking water with lead at 100 ug/1 will ra i se the blood level 
(Zie lh ius , 197S). The concentration of lead in groundwater samples 
o{ the s tudy area ranges between 0.006 to 0.114 mg/1 . Most of 
the samples contain lead level for l e ss than the pe rmiss ib le l imi t s 
WHO (1984). 
Cadmium 
Cadmium is h ighly toxic t o man and animals (F r ibe rg et 
al . , 1974), but it is widely d i s t r i b u t e d in the environment in 
t race amounts. Cadmium in high concentrat ion i s a deadly poison, 
but even small amounts of cadmium taken over a long per iod of 
time bioaccumulates in the body and causes ser ious I l lness (Verma, 
1987). Excessive expoure to Cadmium has resulted In severe heal th 
effects (WHO, 1984). Cadmium gets accumulated and Is retained-mainly 
in the l i v e r and k i d n e y , thus causing pathological changes of 
the hepatocytes of the l i v e r as well a k i d n e y , tubules and 
glomeruli changes (Itokawa e t al . , 1974, Colucci e t al . , 1975). 
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Acute effects have been seen where food has been contaminated 
by cadmium from plated v e s s e l s ; severe gas t rointes t inal upsets 
have been r epo r t ed (Commission of the Europena Communities, 
1978 and National Research Council, 1977). The two major effects 
of chronic cadmium tox ic i ty in persons that have been occupationaly 
exposed to cadmium are obs t ruc t ive lung disease and renal dysfunc-
t ion . The most common abnormal i ty from chronic cadmium exposure 
involves renal t ox ic i ty c h a r a c t e r i s e d by p ro te inurea . Other d i s tu r -
bances of renal tubular function include gli icosuria, aminoacid 'Uri^, 
decreases the -aiine concentrat ing a b i l i t y , and abnormal i t ies in 
renal processing of ur ic a c i d , calcium and phosphorus (Drinking 
Water and Heal th , 1980). High exposure of cadmium causes I t a i -
Itai disease a bone d i s e a s e , i r r e v e r s i b l e renal injury e spec i a l l y 
in e l d e r l y women. (Commission of the European Communities, 1978). 
There have been no repor ted effects from the low level of cadmium 
that can be found in dr inking wate r . Consumption of cadmium sa l t s 
causes c ramps , nausea, vomiting and d i a r r h o e a . Cadmium tends 
to concentrate in the l i v e r , k i d n e y s , pancreas and t h y r o i d of 
human beings (ICMR, 1975). The sources of cadmium contamination 
in water are seepage of cadmium into groundwaters from the 
e lec t rop la t ing plants and from zinc galvanized i ron in which 
cadmium is a contiminant . 
The concer t ra t ion of Cd in groundwater of the s tudy area 
ranged between 0.002 t o 0.013 mg/1 . Overa l l , the concentrat ion 
is well below the p r e s c r i b e d l imi ts of WHO (1984) except in few 
samples where alarming concentration have been r e c o r d e d . 
Chromium 
In general chromium l e v e l s in groundwaters are low (10 
ug t o 20 ug/1 ) . 
Hexavalent chromium is h ighly t o x i c while Trivalent Chromium 
is essen t ia l for efficient l i p i d , glucose and prote in metabolism 
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(U.S. Environmental Protection Agency, Par t I I , 1983). I t a l so 
appears to be impor tant in the prevent ion of mild d iabe t i e s and 
a the rosc le ros i s in humans (Towil l , e t al . , 1978). Tr ivalent chromium 
is not be l ieved to be toxic and i t has been fed to animals in 
tes t s at a concentration of 25 mg/1 for over a year with no toxic 
e f fec t s , t he r e fo r e , harmful effects of waterborne chromium in man 
are associated only with hexavalent chromium only. In high doses, 
i t causes d iges t ive t rac t cancer in man (Guidelines for Canadian 
dr inking water qua l i t t y , 1979 and Teleky and Chromarbei ten, 1936). 
Chromate sa l t s are associated with cancer of lung i . e . Bronchogenic 
Carcinoma, Chromic acid and i t s s a l t s have Corrosive action on 
the skin and mucous membrane. The chief effects of Chromates 
are ulcerat ion of nasal septum and dermati t is . It i s ev iden t that 
people taking groundwater with high concentrat ion of Chromium 
are l i ke ly to suffer from the above mentioned d i seases (Singh 
and Bhayana, 1986). 
The concentration of chromium i n groundwater of the s tudy 
area ranged between 0.002 to 0.034 mg/1 which i s well below 
the p r e s c r i b e d l imi ts of WHO (1984). 
VARIATION IN CHEMICAL COMPOSITION 
There i s no sys temat ic la tera l and v e r t i c a l var ia t ion in 
h ydrochemis t ry of groundwater of the a r e a . Howevere, some 
la te ra l var ia t ions have been found in case of ind iv idua l ions (which 
have been discussed ea r l i e r p robab ly caused due to the local 
^ f ac to r s . The resu l t s indicate that shal low and deep groundwater 
are more Or less same which implie that a significant propor t ion 
of deep aquifer water is de r ived frOm local ve r t i ca l flow from 
the Overlying shal low aaqu i fe r , beacause of t he i r being in terconn-
ected in na tu re . A l i t t l e var ia t ion in hyd rochemis t ry of shal low 
and deep groundwater are of the kind and magnitude expec ted 
/ 
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to resu l t from path reaction during percolat ion from upper zone 
to lower zone (Fe t t e r , 1988), This may be e i t h e r due to the 
occurence of intervening lew permeab i l i ty zones or the aqui fer 
zones themselves serve the function of the f i l t e r , 
POSSIBLE CONTAMINATION OF GROUNDWATER BY SUGAR FACTORY 
EFELUENTS 
In the las t two decades , there has been a marked a c c e l e r a -
tion in the rate of exp lo i t a t ion of natura l resources a s well a s 
indus t r i a l i sa t ion in the developing na t ions . Indust ry in pa r t i cu l a r 
makes prodigious use of water as an ingredient with other raw 
mater ia ls to create f inished p r o d u c t s , as a t ranspor t ing medium, 
as a cleaning agent , as a coolant and a s a source of steam for 
heating and power generation (Shreve , 1956). The problem, 
however , i s that water that goes into indus t ry i s d i scharged into 
the waterways in a r e l a t i v e l y polluted condition (Nwafor, 1982), 
Matthes (1972) has desc r ibed tha t man a l t e r s the qua l i ty of ground-
waters both d i r e c t l y and i n d i r e c t l y . Direct effects are caused 
by natural and syn the t i c subs tancess which en te r groundwater a s 
the resu l t of human interference with hyd ro log i ca l , phys io log ica l , 
chemical and biological p rocesses without any addi t ion of 
subs tances . Water and soi l pollution due to indus t r i l isat ion is a 
cosmopolitan problem, creat ing acute insani tat ion as well as affec-
ting the soil and c r o p . Many s tudies have shown that indiscr iminate 
d i scharge of waste product may resu l t in severe pollution of the 
surface and groundwater . The leachates from these d i scha rges 
percolate into the ground and pollute the groundwater (Ajmal and 
Raziuddin, 1986). According to Hamza (1982) many indus t r i a l 
effluents are not amenable to biological degradat ion since they 
contain toxic mat te r , and are generated in large volume. Since 
many sugar i ndus t r i e s d i scharge the i r wastes on to open lands 
because of the high cost of di lut ion and inadequate sewage treatment 
fac i l i t i es need grea ter emphas i s and formulation of water qual i ty 
PLATE-VI 
A view of Khadda sugar factory discharging effluents 
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management programme. According to Singhal , e t a l . (1987) any 
rat ional formulation of watfjr qual i ty management programme wil l 
not be poss ib le without an adequate knowledge of the ex i s t ing 
na ture , magnitude and sources of var ious pollution loads and the i r 
effect on the receiving water b o d i e s . 
The contamination 
In o r d e r to s tudy the contamination of groundwater due 
to the sugar factory ef f luents , samples were collected from the 
sugar factor ies namely - Padrauna, Chi tauni , Khadda, Ramkola 
and Katkuyian sugar mi l l s , which are located in the s tudy a r e a . 
A c r i t i c a l ana lys i s of the resu l t indicates tha t the concentra-
tion of major ions are nol much e x c e p t total d isolved s o l i d s , 
and fluoride which have been recorded a t h igher levels in the 
factory effluents ranging between 400 to 1900 mg/1 and 0.02 to 
1.2 mg/1 r e s p e c t i v e l y . Among the heavy mejtals, the concentrat ion 
of iron in effluents are alarming and ranges between 0.07 to 1.6 
mg/1. However, the backgiound values of groundwater samples 
both from shallow aand deep s t ruc tu re s do not Indicate any s ign i -
fican contmination and the qua l i ty is f r e s h . This can be a t t r ibu ted 
to the surface l ayers of so i l s and the unsaturated and sa tura ted 
zones of an aquifer which have a cons iderab le capac i ty for 
improving the qual i ty of inf i l t ra t ing water (Wilkinson, 1977). 
However, a s groundwater in general moves very s lowly , 
ex tens ive pollution of an a l l uv ia l aquifer may develop and go 
unnoticed for many y e a r s . Under the s i tua t ion , p rope r arrangement 
for the treatment of factory effluents before lett ing them into 
the drainage system or d i sposa l on land sur face , should be under 
taken, because in future, i t is l ike ly to spread over both l a t e ra l ly 
and v e r t i c a l l y the en t i re th ickness of the aquifer zones. 
a 
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WATER QUALITY FOR IRRIGATION PURPOSES 
Water qual i ty c r i t e r i a for i r r iga t ion i s a complex subject 
and as such i t has not been poss ib le to have an agreed c r i t e r i a 
on a universa l bas is because gro>wth of a pa r t i cu l a r crop depends 
on many factors o the r than the chemis t ry of w a t e r . However, 
chemical qua l i ty of water i s an important factor to evaluate the 
su i t ab i l i t y of water for i r r iga t ion (Gupta, 1989). 
Facors to be considered in evaluat ing the usefulness of 
groundwater for i r r iga t ion a r e : the total concentration of d i sso lved 
s o l i d s , the concentration of ind iv idua l cons t i tuen t s , the nature 
nd composition of the soil and s u b s o i l , the topography of the 
land, the posit ion of the water t a b l e , the amounts of the ground-
a ter used and method of apply ing i t , the kinds of crops grown, 
and the climate of the area and the method of the crop management 
(Walton. 1970). 
Spjecifications made for irrigational water quality 
Various specif icat ions have been proposed from time to 
time by different workers including Asgar, Puri and Tayler (1936), 
Kelley e t a l . (1940), Wilcox (1955), Eaton (1950), U.S. Salini ty 
Laboratory Staff (1954), Saligram (1961), Uppal (1964), Ramamoorthy 
(1964), Fedra l Water Pollution Control Authori ty (1968), P'aliwal 
(1972), Environmental Protection Agency (1973), Ayers and Branson 
(1975) and Ayers and Wastcot (1976) for evaluat ing the s u i t a b i l i t y 
of natural water for i r r iga t ion of c r o p s . In most of the spec i f i ca -
t ions , the s u i t a b i l i t y of natural water for i r r iga t ion has been 
evaluated on the presumption that the water wi l l be used under 
average condit ions with respec t to soi l c h a r a c t e r i s t t i c s , efficiency 
of sub-surface d ra inage , amount of water used and method of 
applying i t , type of crops and c l imat ic condit ions of the a r e a . 
In the present s tudy some of the aforementioned speci f ica t ion 
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have been used to assess the su i t ab i l i t y of groundwater for i r r i g a t -
ion. The values obtained for these parameters a re given in 
append! X VII. Hence an a t tempt has been made to a s s e s s the qual i ty 
of i r r iga t ion water under the heads which are as follow. 
Sal ini ty and Sodium Hazards 
I r r igat ion water i s one of the major cont r ibu tors of soluble 
sa l t s to the soi ls in add i t ion to those a l r eady p re sen t . It is the 
water that is removed by evapora t ion o r t r a n s p i r a t i o n , and these 
two processes control the degree of osmotic s t r e s s to which plant 
wi l l be e x p o s e d . In the shallow water table area where the ground-
water i s s a l i ne , the e vapo t ransp i ra t ion process a lso c rea t e s a 
suction force that may produce an app rec i ab l e upward flow pof 
water and sa l t s to the root zone by which many types of so i l s 
become salanized and the wa te r - so i l s a l i n i t y becomes so high as 
to r e ta rd the germination of seed or growth of p l a n t s . 
In place of r igid l imits of sa l in i ty for i r r iga t ion wa te r , 
qua l i ty is exp res sed by c lasses of r e l a t ive s u i t a b i l i t y . Wilcox, 
(1955) p repared a c lass i f icat ion based on the Elec t r ica l Conduct iv i ty , 
sodium percentage , boron concentration and res idua l a lka l i n i t y 
which i s given in Table as below: T 
Table 15: Guide to the qua l i ty of i r r iga t ion water , 
Specific 
Conductance 
mmho/cm 
^(0.75 
0.75-2.0 
2 .0-3 .0 
/ 3 . 0 
Sodium 
percentage 
< 5 0 
50-65 
92 
> 9 2 
Boron 
mg/1 
0 . 3 - 1 . 
0 .7-2 . 
1.0-3. 
1.2-3. 
,0 
0 
0 
8 
Residual 
^^ -2^ 93 
meg/l 
<^1 .25 
< 1 . 2 5 
1.25-2.5 
> 2 . 5 
Quality of 
I r r igat ion 
water 
Excellent to good 
Good to pe rmiss ib 
Doubtful to unsui-
table 
Unsuitable 
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The U . S . S l i n i t y L a b o r a t o r y S ta / f (1954) h a v e p r o p o s e d 
the use of the Sodium Al^sorp t ion Ratio ( S . A . R . ) for s t u d y i n g the 
s u i t a b i l i t y of g r o u n d w a t e r l o r i r r i g a t i o n p u r p o s e s . I t i s d e f i n e d 
b y : 
S . A . R . 
N 
„+2 ..+2 
C + M 
a g 
T a b l e 16: Q u a l i t y c l a s s i f i c a t i o n of i r r i g a t i o n (Af ter U . S . S a l i n i t y 
L a b o r a t o r y ) 
C las s i f i ca t ion E l e c t r i c a l 
c o n d u c t i v i t y 
in mmhoVcm 
S a l i n i t y 
Hazard 
A l k a l i 
H a z a r d s 
C l a s s I - E x c e l l e n t 
C l a s s II-Good 
C l a s s I l l - M o d e r a t e 
( P e r m i s s i b l e w i t h 
c a u t i o n ) 
< 250 
250-750 
750-2250 
Class I V - U n s a t i s f a c t o r y 2250-4000 
Low up to 10 
Modera t e 10-18 
Med-HIgh 18-26 
High > 2 6 
Where a l l ion c o n c e n t r a t i o n a r e e x p r e s s e d in e p m . t he 
SAR v a l u e s of s h a l l o w g r o u n d w a t e r i n t h e s t u d y a r e a v a r i e s from 
1.16 to 9 .74 e p m . In c a s e of d e e p g r o u n d w a t e r , i t r a n g e s b e t w e e n 
0 .99 to 3.74 e p m . 
The U . S . S a l i n i t y L a b o r a t o r y Staff (1954) h a v e p u b l i s h e d 
a d i a g r a m in w h i c h the v a l u e s of SAR a r e p l o t t e d on an a r i t h m e t i c a l 
s c a l e a g a i n s t e l e c t r i c a l conduc tance (EC) v a l u e s on a logJog s c a l e 
and d i f f e r e n t c l a s s e s of w a t e r s a m p l e s a r e shown in ( F i g . 5 5 ) . 
The p l o t s h o w s t h a t 8 1 . 5 1 of s h a l l o w g r o u n d w a t e r s a m p l e s f a l l 
in the C, - S^ and C^ - S ^ c l a s s e s and the r e s t f a l l s in C^ - S^, 
C - S and C - S c l a s s e s . F u r t h e r , i t a l s o r e v e a l s t h a t 97% 
1250 1750 2000 3000 t+QOO 5000 
1 I I 1 .30 
100 250 500 750 1000 1500 2250 
Conductivi'-ty (micromhos/cm at2^C) 
ow 
JC2. 
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^ 
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Ck. 
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50(0 
Very High 
Salinity hazard 
• Shallow groundwater ©Deep groundwater 
Fig. 55. Plot of SAR Vs EC of shallow and deep groundwater. 
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of the groundwater samples belongs to the low a lkal i h a z a r d . 
The deep groundwater samples fall only in C, - S, and ^7 ~ 2 
classes with low a lka l i h a z a r d . The wate r qual i ty falls under 
above c lasses can be very well used for a l l types of i r r iga t ion 
(Karanth, 1987). 
Sodium Per cent diagram 
Presence of sodium ion in wate r i s general ly respons ib le 
for affecting the phys i ca l conditions of the soi l as i t r ep laces 
calcium ion from the soil and makes i t sodium s o i l . Wilcox (1955) 
has proposed another c lass i f icat ion scheme for rat ing i r r iga t ion 
water on the bas is of specif ic e l e c t r i c a l conductance, soluble sodium 
per cent (SSP) and horon concentrat ion. The SSP i s calculated 
by the following formula (Todd, 1980). 
^ S o d i u m ''' Per cent 
^ (Na + K) 100 
^ Ca + Mg + Na + K 
The values of Na% in the shallow groundwater samples 
ranges between 20.83 to 91.60% while in deep groundwater i t ranges 
from 30 to 66%. Analytical plots indicate tha t 79% samples from 
shallow groundwater falls in the excel lent to good, 13% good to 
permiss ib le and 7.8% sample in pe rmiss ib le to doubtful c lasses 
while deep groundwater samples fall only under exce l len t to good 
class (Fig . 56). 
Residual Sodium Carbonate 
The Carbonate 'and bicarbonate haza rds of water qua l i ty 
can be determined in term of Residual Sodium Carbonate (RSC) 
using the following equat ion . 
RSC = ( C O " + HCO3 ) (Ca^^ + Mg^"") 
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Fig. 56. Plot of' Sodium per cent Vs EC of shallow and deep groundwater. 
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The ana ly t ica l resu l t s revea l that in shallow groundwater , 
the concentration ranges from 0.01 to 4.86 e pm while in deep 
groundwater i t ranges from 0.06 to 1.84 epm. In case of shal low 
groundwater some of the samples show h igher values of RSC and 
may be hazardous to so i l s if used for i r r iga t ion for a long t ime. 
Ke 11 ye • s Ra tio 
Kelley e t a l . (1940) have proposed that the potent ia l 
sodium problem in i r r iga t ion water could be r e l i a b l y evaluated 
on the basis of the following r a t i o : 
Ke l ley ' s Ratio = - ^^ 
^ +2 ,, +2 Ca + Mg 
Where a l l ion concentrations are e x p r e s s e d in epm. It 
is seen from table that Kelleyes rat io when calculated for the 
shallow and deep groundwaters va r i e s from 0.19 to 5.37 epm and 
0.46 to 3.06 epm respect ive ly . 
Magnesium Hazard 
Pa^lWal (1972) has used the ra t io ^^ ^ ^ ^ ° ° ^ 
; " „ +2 .. +Z 
Ca + Mg 
as an index of magnesium haza rds to i r r i ga t ion w a t e r . A c r i t i c a l 
examination of the ana ly t ica l data r e v e a l s that the magnesium rat io 
for the shallow and deep groundwater of the area va r i e s from 
41.60 to 95.94 and 72.66 to 94.07 r e s p e c t i v e l y . 
TRACE ELEMENTS 
Apart from the major ions , t race elements like Cu, Pb , 
Zn, Cd, Fe , Mn, Ni , Co e t c . are now considered to be essen t i a l 
for the p roper growth of p l a n t s . Howeve'r, the i r metabolic role 
towards plant nutr i t ion are yet to be emphasized with complete 
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a w a r e n e s s (Das and K i d w a i , 1 9 8 3 ) . 
A p e r u s a l of a n a l y t i c a l r e s u l t ' r e v e a l s t h a t c o n c e n t r a t i o n 
of m i c r o n u t r i e n t s in the w a t e r s a m p l e s a r e w i t h i n t he r ecommended 
l i m i t s of F e d r a l Water P o l l u t i o n Cont ro l F e d r a t i o n (1968) and A y e r s 
and Branson (1975) ( T a b l e 1 7 ) . As s u c h t h e y w i l l no t p r o d u c e 
any e f f e c t on p l a n t s if w a t e r i s u s e d c o n t i n u o u s l y for i r r i g a t i o n 
p u r p o s e . 
T a b l e 17 : Trace e l e m e n t s t o l e r a n c e l i m i t ol i r r i g a t i o n w a t e r 
a s p r o p o s e d b y FWFCF (1968) and A y e r s and Branson 
(1975) ( C o n c e n t r a t i o n , e x p r e s s e d in m g / 1 ) . 
Ele ment 
Co p pe r 
I ron 
L i th ium 
Mangnese 
S t ron t ium 
Nicke 1 
Zinc 
Cadmium 
Coba l t 
Lead 
Chromium 
VVater use 
Cont inuous 
0.20 
-
5,00 
2 .00 
-
0 .50 
5.00 
0 .05 
0.20 
5.00 
5.00 
(FWPCF, 
S h o r t te 
f ine t ex 
s o i l s 
5.0 
-
5.0 
5.0 
-
2 .0 
10.0 
0 .05 
10.00 
10.00 
0 .05 
1968 
rm in 
t u r e d 
Water use ( A y e r s Branson 
1975) 
Cont inuous 
0.20 
5.00 
2 .50 
0.20 
~ 
0.20 
2 .00 
0 .01 
0 .05 
5.00 
0.10 
S h o r t t e rm 
in f ine 
t e x t u r e d 
s o i l s 
5.0 
15.0 
2 .5 
10.0 
-
2 .0 
10.0 
0.05 
5.0 
10.0 
1.0 
GRAPHIC PRESENTATION OF ANALYSES 
A v a r i e t y of g r a p h i c t e c h n i q u e s have been d e v e l o p e d f o r 
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showing the major chemical cons t i tuen ts , some of the more useful 
graphs are taken into considerat ion for the same. 
Four represen ta t ive samples namely Padrauna, Khadda, 
Misrauli and Kasia stat ion were taken r e s p e c t i v e l y and plot ted 
on bar g r a p h , vector d iagram, pa t te rn-d iagram and c i rcu la r d iagram. 
Vertical Bar Graph 
Vertical bar having a height proportional to the total 
concentration of anious and ca t ions , expressed in ml l l iequiva len ts 
per l i t e r were p lo t t ed . The left half of a ba r r ep resen t s ca t ious , 
and the r igh t half anious (Davis and De Wiest 1966). These segments 
were d iv ided hor izonta l ly to show the concentrat ions of major 
ions or groups of c losely re la ted ions and identified by d i s t inc t ive 
shading patterns. \ 
A perusa l of the graph (Fig. 57) indicates that among 
the ca t ions , the sodium and potassium increases from south to 
north and from eas t to west while values of calcium and magnesium 
decreases from north to south and f rom wet to e a s t . In case of 
anions, the carbonate and bicarbonate increases from north to 
south and from eas t to wes t . 
Vector diagram 
The vector diagram (after Hem, 1970) is another method 
for plotting chemical qual i ty with radiat ing v e c t o r s . The length 
of s ix vec tors represen t ionic concentration in mil l iequivalent 
per l i t e r , as plot ted in the diagram (Fig . 58) . 
Pattern diagram 
Pattern diagram, f i r s t suggested by Stiff (1951) for 
represent ing chemical analyses by four pa r a l l e l a x e s . Concentrations 
194 
20 
19 
18 
17 
16 
15 
c 13 
o 
'£ 12 
e 
n 
'X '^ 
< -^> 
Q} 
a 10 
^ 9 
c 
a> 
a 8 
> 
=3 
cr 
7 
6 
5 
i+ 
3 
2 
1 
0 
PADRAUNA 
7 
^ 
Ma 
M( 
+-K [^sN^Ci 
[ffiljco 
KHADOA 
MISRAULl 
--
SOi+ 
C03+-HC03 
KASIA 
^ 
Fig. 57. Bar diagram of representative samples. 
195 
Na-rK 
PADRAUNA 
S0£+ 
MISRAULI 
Nm-K 
S0£+ 
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Fig. 58. Vector diagram of representative samples. 
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Fig. 59. Pattern diagram of representative samples. 
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PADRAUNA KHADDA 
MISRAULI KASIA 
0 2 5 10 50 100 
L-i I—j- J 
Scale of radii ( total of epm ) 
F ig . 60. Circular diagram of representative samples. 
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of cations are plotted to the left of a vertical zero axis and 
anions to the right (Fig, 59). The resulting points, when connected 
form an irregular polygonal pattern which define a distinctive shape 
for each of the representative samples. 
Circular diagram 
The circular diagram (after Hem, 1970) of water quality 
with a special scale for the radii so that the area of a circle 
is proportional to the total ionic concentration of the analysis. 
Sectors within a circle shows the fraction of the different ions 
exp::essed in milli equivalents per liter (Fig. 60). 
Trilinear diagram 
The first one, developed by Piper (1944) from a somewhat 
similar design by Hill (1940) which consists of two lower triangular 
fields and a central diamond-shaped field. All the three fields 
have scales reading in 100 parts. The percentage reacting values 
of the cations and anions are plotted as a single point (According 
to the trilinear coordinates) at the lower left and right traingles 
respectively. These are projected upwards parallel to the sides 
of the triangles to give a point in the rhombus. The water quality 
types can be quickly identified by the location point in the 
different zones of the diamond shaped field (Raghunath, 1987). 
Some of the shortcomings jOf the trilinear graphs of the 
type developed by Hill and PibSer are removed in the diagram 
introduced into the Soviet literature by S.A. Duro/ and described \ / 
in the English language literature by Zaporozec (1972). The basis 
of this diagram, is percentage plotting of cations and anions in 
separate triangles, which, in this respect is similar to the Piper.^^^ ^ ,. 
diagram (Freeze & Cherry, 1979). \ ir^ "^ \sliy^ ' 
•J 
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Ca 
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CI 
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Cat ions Focies 
A Magnesium type 
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G Chlor ide type 
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Fig. 61, Plot of chemical composition of shallow and deep groundwater samples 
on Trilinear diagram. 
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The diagram is useful for visual ly desc r ib ing differences 
in major-ion chemis t ry in groundwater flow s y s t e m s . There i s 
also a need to be ab le to reffer in a convenient manner to water 
composit ions by iden t i f i ab le groups or ca t ego r i e s . For t h i s 
purpose , the concept of hy dr ochemical facies was developed 
by Back (1961, 1966), Morgan and Winner (1962), and Seapar 
(1962). The def ini t ion of a composition category i s commonly 
based on subd iv i s ions of the t r i l i nea r diagram in the manner 
suggested by Back (1961) and Back and Hanshaw (1965). 
The plott ing of the analyt ica l da t a (F ig . 61) ind ica tes 
that in case of shallow groundwater hydrochemica l facies in 
the study a rea , mostly the sodium or potassium type facies 
dominant among cations with l i t t l e portion of magnesium t y p e , 
and b icarbonate type facies dominant among anions. However, 
the i r corresponding in tersec t ions in the diamond-shaped field 
indica tes tha t carbonate ' j j ha rdness exceeds 55% which r evea l s 
that the chemical p r o p e r t i e s a re dominated by Alkal i -Ear th 
and Week acids in the groundwater . In case of deep groundwater 
the hydrochemica l facies are sodium or potassium type dominant 
among cat ionic t r iangle and bicarbonate type dominant among 
anionic t r i ang le . 
WATER QUALITY FOR INDUSTRIAL PURPOSES 
Water quali ty for different indust ry differ w i d e l y , and 
it is not poss ib l e to l i s t a general c r i t e r i a for all i n d u s t r i e s . 
X f. 
^(Herman & Bouwer (1978) have ' a lso mentioned that indus t r i a l 
^^  
water use is quite d i v e r s e , and water qual i ty requirements vary 
grea t ly for different i n d u s t r i e s . Corrosion and scale formation 
are two major haza rds commonly encountered by almost all the 
i n d u s t r i e s , thermal power s ta t ions e t c . , using large quant i t ies 
of water for cooling and steam rais ing pu rposes . 
A 
\ ^ " ^ 
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H o w e v e r , h a r d n e s s of w a t e r i s an i m p o r t a n t f a c t o r in 
d e t e r m i n a t i o n of w a t e r q u a l i t y for i n d u s t r i a l p u r p o s e s . Acco rd ing 
to M a t h e s s (1982) w a t e r u s e d for coo l ing p u r p o s e s s h o u l d no t t 
be c o r r o s i v e , nor i t s h o u l d become c o r r o s i v e d u r i n g t h e cool ing 
p r o c e s s t h rough t h e t e m p e r a t u r e d e p e n d e n t b r e a k d o w n of t h e 
Calcium C a r b o n a t e - C a r b o n d i o x i d e e q u i l i b r i u m . 
From an e x t e n s i v e s t u d y of ^ i n d u s t r i a l w a t e r q u a l i t y , 
a commi t t ee of New England Water Works A s s o c i a t i o n (Anon, 1940) 
s u g g e s t e d l i m i t s for s e l e c t e d i n d u s r i e s . The c l a s s i f i c a t i n of 
w a t e r w i t h r e g a r d s to h a r d n e s s e t c i s as fo l lows (Hem, 1970) . 
T a b l e 18 : C l a s s i f i c a t i o n of w a t e r by h a r d n e s s con ten t ( s ee 
Herman & Bouwer , 1 9 7 8 ) . 
C o n c e n t r a t i o n mg/1 D e s c r i p t i o n 
0 - 6 0 Soft 
61 - 120 M o d e r n a t e l y h a r d 
121 - 180 Hard 
> 180 Very h a r d 
T a b l e 19: Maximum h a r d n e s s l e v e l s a c c e p t e d by i n d u s t r y as 
a raw w a t e r s o u r c e (After T r a i n , 1979) 
I n d u s t r y Maximum concen , mg/1 
as CaCO, 
E l e c t r i c u t i l i t i e s 5,000 
T e x t i l e 120 
Pu lp and p a p e r 475 
Chemica l 1,000 
Pe t ro l eum 900 
P r i m a r y m e t a l s 1,000 
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•Requirements for final use within a process may be essen t ia l ly 
zero which r equ i r e s treatment for concentration reduc t ions . 
Surface Water Quality 
In order to s tudy the surface water qual i ty and i t s 
re la t ion with groundwater , water samples were collected from 
the selected s ta t ions of Great Gandak r i v e r , Li t t le Gandak r i v e r , 
Gandak canal and Dhanaujia lake r e s p e c t i v e l y . Samples were 
chemically analysed for the major const i tuents and t race e lements . 
The chemical analyses r e su l t s are given in appendix VII I&J. 
Analytical da ta r e su l t s were compared for determined 
consti tuents with WHO (1984) and ISI (1983) dr ink ing water 
s t andards ( table 18). A perusa l of the table indica tes that pH 
range between 7.91 to 8,27 showing alkal ine nature of the surface 
w a t e r . E lec t r ica l conduct ivi ty ranges from 150-200 u mhos/cm 
at 25°C, which r evea l s that the surface wa te r s are s l igh t ly 
to moderately mineral ised than the groundwater . F u r t h e r , values 
of cations and anions are a]so low in concentration in r e s pec t 
of groundwater of the area . The analyt ical da ta ssuggests that 
the qual i ty of surface water is potable and free from any type 
of contamination. However, the sugar factories in the area are 
producing huge amount of effluents which ultimately join the 
na tu ra l drainage system may contaminate the surface wa te r . 
Suitable measures as suggested by U .P . State Pollution Control 
Board, is to be made obl igatory on the munic ipal i t ies and 
indus t r i e s to d i scharge t h e i r effluents to the exis t ing r i v e r 
system only after p roper t rea tment . 
From the aforesaid d iscuss ions and in te rpre ta t ion of 
chemical da ta it is found that both the groundwater and surface 
water are suiable for dr inking i r r iga t iona l and indus t r i a l u s e s . 
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SUMMARY AND CONCLUSION 
The study a rea , Padrauna subd iv i s ion , is a small pa r t 
of Gandak sub-bas in spread over an area of 2392 s q . k m , forms 
a pa r t of the Central Ganga p la in . The Gandak basin as such is 
a NW to SE elongated bas in . The elevat ion ranges from 95 m to 
74 m. above mean sea l eve l , with an average gradient of 0.8 m/km 
trending nor thwest to sou theas t . The plain f i r s t s lopes s teep ly 
due south and then swings to the sou theas t . The surface level 
being d ive r s i f i ed only by the innumerable channels and sandy r i d g e s . 
The Great Gandak and Li t t le Gandak an old channel of the for-mer 
and var ious other abandoned channels , spread over the s t re tch 
between the Li t t le and Great Gandak draining the a rea , which are 
generated due to the r a p i d l y shift ing nature of the Great Gandak 
r i v e r as a resul t of the continually chaning tectonic environment 
along the Himalayan foo th i l l s . Three major soi l types namely 
(i) Highly calcium leached soi l s ( i i ) s l igh t ly calcium leached soi ls 
( i i i ) Newer Alluvium are found. The total i r r iga ted area is about 
1231.S3 s q . k m . which is 64% of the total cu l t iva ted a rea . The 
inves t iga ted area l ies in the s u b t r o p i c a l , humid cl imatic zone of 
Ind ia . The average annual ra infal l (89 yea rs ) in the basin is 
1298.66 mm. About 86% of the total rainfal l occurs during the south-
west monsoon in the months of June and July each y e a r . The 
coeflicient of rainfal l var ia t ion in the area is 25.64%. There is 
a recurrence of mild to normal drought but no very severe drought 
has eve r been r e c o r d e d . 
Geographica l ly , the area forms a p a r t of the nor thern 
port ion of the Gandak d e p r e s s i o n , an integrated p a r t of the Ganga 
bas in . S t ruc tu ra l ly , the depress ion is d is t inguished on the bas is 
of sedimentary th ickness of more than 6000 me t r e s . Geologically, 
the Quaternary alluvium d i r e c t l y but unconfirmably ove r l i e s the 
Neogene Siwaliks which in turn over l i e s the Upper Proterozoic 
Vindhyans . Quaternary sediments are chiefly composed of g r a v e l . 
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sand , s i l t and clay with occasionl in tercala t ion of calcareous 
concre t ions . Sediments vary in texture and th ickness both l a t e ra l ly 
and v e r t i c a l l y . Thickness of alluvium increases due north proximal 
to the Himalayan foo th i l l s . 
? 
As regards the origin of the Ganga basin, it was interpreted 
to be formed as a foredeep or a great rift val ley which was 
later filled up with the alluvium of the thickness 4.5 to 20 km. 
A th i rd v i ew, regards i t a sagging in the crust, while the fourth 
more accepted view presents it as a resultant of the buckling down 
of the nor thern fringe of the peninsula . . However, at p r e sen t , 
Indo-Gangetic plain is considered as a p e r i p h e r a l foreland bas in , 
formed as a r e s u l t , continent-continent col l is ion between Indian 
and Asian P l a t e s . 
Hydrogeological ly, there occurs more or less a single bodied 
aquifer system with some var ia t ions in the western part of the 
area along the r i v e r Lit t le Gandak where two- t ie r aquifer system 
e x i s t s down to 118 m. d e p t h . The granular zone comprising fine 
through medium to coarse sand mixed with g r a v e l , forms about 
75% of the total formations and 'a t ta ine a maximum th ickness of 
70 m. However, regionally there occurs three to four - t ie r aquifer 
system down to 500 m. depth throughout the bas in , where ind iv idua l 
aquifers and aquicludes range in th ickness from 10 m to 230 m 
and 1.5 to 88 m, r e s p e c t i v e l y , which very well speaks of he 
then preva i l ing hydrodynamics of the Great Gandak r i v e r . The 
d ischarge of the shallow tubewells in the a rea , va r i e s from 30 
to 50 m / h r with a nominal drawdown of 2-3 m. The d i scharge 
of the heavy duty tubewells va r i e s from 50 to 227 m / h r with 
a drawdown varying from 1.97 to 11.72 m. The groundwater in 
the shallow aquifers occurs under water table condition and under 
semi-confined to confined condit ions in the deeper aqu i fe r s . 
The pre and post monsoon depth to water ranges between 
less than 2 m to 6 m r e s p e c t i v e l y . Annual fluctuation v a r i e s from 
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0.2 m to 1.00 m. The fluctuations ranging between 0.3 m to 0.5 m. 
IS observed to be widely r e p r e s e n t e d . The e levat ion of water table 
ranges from 91.0 m in nor thern pa r t to 71,0 m. in southern pa r t 
above mean sea l eve l . Regional groundwater flow is from NW to 
SE with some local var ia t ion at p laces caused due to some local 
fac tors . However, in the ext reme north the groundwater flow is 
from north to south and along the banks of the Li t t le Gandak 
groundwater flows from to e a s t and e a s t to west to joins the 
Litt le Gandak which shows the effluent nature of the Lit t le Gandak 
r ive r .Moreover , the Great Gandak is influent. The hydrau l i c gradienfvar ies 
from 0.25 m/km to 1.42 m/km. The average slope of the water 
table is about 0.83 m/km. Water table contour map for November 
1988 also shows ident ica l s i tuat ion as that for June 1988. A 
piezometr ic level map for the period June 1988 shows almost s imi lar 
pa t te rn to tha t of water table contour map, which indica tes same 
source of r e c h a r g e . F u r t h e r , s tudy of the hyd rog raph of the key 
observat ion wel ls shows that the re i s no significant change in 
groundwater levels over the pas t one decade . Hydraulic conduct ivi ty 
values of the aquifer mate r ia l s calculated through the mechanical 
ana lys i s , ranges from 15.03 to 74.64 m/day with an average of 
25 m/day . Isoperme abi l i ty map (p repa red after Logans method) 
indica tes three zones less than 20, 20-25 and 25-30 m/day . Aquifer 
2 
parameters evaluated a r e , Transmiss iv i ty 2896.43 m /day and Stora-
-4 t i v i t y - 3 . 7 x 10 . Result indica tes tha t the aquifer tapped is 
confined, in na tu re . 
An at tempt has been made to evaluate the groundwater 
resource of the area through water level fluctuation method. The 
net recharge has been computed to 422.36 MCM. The net annual 
draft is 97.13 MCM, leaving a balance of 325.23 MCM as a u t i l i s ab le 
groundwater resource for future development . As per the NABARD'S 
norm the area falls under the 'Whi te ' (safe) ca tegory . V i s -a -v i 
s ta tus of the groundwater development . 
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In view of the fact that only 22.99% of groundwater deve lo -
pment has taken place so far , there is a large groundwater surp lus 
avai lable for further development . Quantity ava i lab le for further 
development is es t imated as 227.66 MCM after r e se rv ing 30% for 
domestic uses and i n d u s t r i a l . An average wel l with an yield of 
30 m"/hr with 6 h r s of pumping per day and 120 days of pumping 
for a year wi l l allow wi thdrawl of 21.600 MCM/year/tubewe 11. 
There fore , with unit d raf t of 0.0216 MCM/yr/wel l , i t w i l l be 
poss ib le to construct about 5907 shal low tubewe Us and 476 deep 
tubewells with a unit draf t of 0.21 MCM/yr/tubewe 11 in the a rea . 
The tubewells may be constructed in a phased manner spread over 
a period of 5 y e a r s . The groundwater resource potent ia l of the 
area is large and p rac t i ca l ly unut i l ized as the area lies under 
Gandak canal command. The groundwater may be t ranspor ted to 
some other water deficient areas for i t s p roper u t i l i za t ion . 
The chemical analys is r e su l t s show tha t the groundwater 
in Padrauna s u b - d i v i s i o n , is alkaline in reac t ion , s l i gh t ly ha rd 
and moderately mine ra l i sed . F u r t h e r , the ivalues of cations and 
anions are also found wel l wi thin the p r e s c r i b e d l imi t s . Sulphate 
with association of sodium or magnesium may give r i se to gas t ro in -
tes t ina l i r r i t a t i on to the user at levels encountered in the a rea . 
The concentration of fluoride is general ly low but at p laces high 
value -is poss ib ly due to the sugar factory effluents which contain 
fluoride ion. Consequent to low concentration of iodine in groundwater 
there is a large incidence of goitre in the region. As r ega rds 
the h ydrochemical facies of the shal low groundwater in the a rea , 
it is observed that mostly the sodium or potassium type facies 
are dominant among cations (with a l i t t le port ion of magnesium 
type) and bicarbonate facies dominant mong anions. However, the i r 
corresponding in tersec t ions in the diamoned shaped field indicate 
that the chemical p r o p e r t i e s are dominated by Alka l i -Ear th and 
week acids in the shallow groundwater . In case of deep groundwater . 
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the h y drochemical facies are sodium or potassium type dominant 
among cat ionic t r iangle and bicarbonate type dominant among anionic 
t r i ang le . The groundwater in the area is su i tab le for d r ink ing , 
i r r iga t ion and i n d u s t r i a l u s e s , Trace metal concentrations are well 
within the p r e s c r i b e d limits with excep t iona l ly high values of 
iron in few samples . However, even small amount of these micro-
nutr ients may create some problem due to t h e i r continuous b i o -
accumulation in the t i ssues of human body . The sugar factor ies 
in the area are producing huge amount of effluents which are 
d i r ec t l y d isposed on land surface without any t rea tment , may crea t 
some environmental problem in the yea r s to come. This is high 
time that the sui table measures be taken as suggested by U .P . 
State Pollution Control Board to pro tec t both surface and groundwater 
bodies in the basin from th i s source of pol lu t ion. 
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APPENDIX I : Rainfall data ana lys i s of Padrauna raingaug s ta t ion , Dis t r ic t 
Deoria, U .P . 
S.No. 
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2. 
3. 
4. 
5. 
6. 
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8. 
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11 
12. 
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18. 
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20. 
21. 
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25. 
26. 
27. 
28. 
29. 
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31 . 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
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41. 
42. 
43. 
44. 
45. 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
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1933 
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1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
ARF 
695.96 
1203.96 
1426.71 
1043.68 
1024.12 
1684.27 
754.63 
1214.12 
1335.27 
1521.96 
1229.86 
1232.40 
1514.60 
1100.58 
1690.62 
1415.03 
1752.85 
1252.72 
900.17 
996.69 
1334.51 
1613.66 
995.68 
1407.92 
1334.77 
1106.67 
942.34 
1011.93 
1169.67 
1380.74 
1301.24 
896.87 
921.67 
1449.07 
1099.82 
1699.26 
1141.22 
1810.00 
1070.61 
1176.02 
1415.79 
791.46 
981.02 
1503.93 
1119.12 
D 
-0.46 
-0.07 
0.10 
-0.20 
-0.21 
0.30 
-0.42 
-0.07 
0.03 
0.17 
-0.05 
-0.05 
0.17 
-0.15 
0.30 
0.09 
0,35 
-0.04 
-0.31 
-0.23 
0.03 
0.24 
-0.23 
0.08 
0.03 
-0.15 
-0.27 
-0.22 
-0.10 
0.06 
0.00 
-0.31 
-0.29 
0.12 
-0.15 
0.31 
-0.12 
0.39 
-0,18 
-0.09 
0.09 
-0.39 
-0.24 
0.16 
-0.14 
CD 
-0.46 
-0.54 
-0.44 
-0.63 
-0.85 
-0.55 
-0.97 
-1.03 
-1.01 
-0.83 
-0.89 
-0.94 
-0.77 
-0.92 
-0.62 
-0.53 
-0.18 
-0.22 
-0.52 
-0.76 
-0.73 
-0.49 
-0.72 
-0.64 
-0.61 
-0.76 
-1.03 
-1,25 
-1.35 
-1.29 
-1.29 
-1.59 
-1.88 
-1.77 
-1.92 
-1.61 
-1.73 
-1.34 
-1.52 
-1.61 
-1,52 
-1.91 
-2.16 
-2.00 
-2.14 
(x-x') 
-602.70 
-94.70 
128.05 
-254.98 
-274.54 
385.61 
-544.03 
- 84.54 
36.61 
233.30 
- 68.80 
- 66.26 
215.94 
-198.08 
391.96 
116.37 
454.19 
- 45.94 
-398.49 
-301.97 
35,85 
315,00 
-302,98 
109,26 
36.11 
-191.99 
-356.32 
-286.73 
-128.99 
^ 82.08 
2.58 
-401.79 
-376.99 
150.41 
-198,84 
400.60 
-157.44 
511.34 
-228,05 
-122,64 
117,13 
-507,20 
-317.64 
205.21 
-179.54 
(x-x')^ 
363242.88 
8967..41 
16397.72 
65012.92 
75370.22 
148697,89 
295964.69 
7146.40 
1340.56 
49864.49 
4732.94 
4389,90 
46631.64 
39234,27 
153635,48 
13542,83 
206291.83 
2110,15 
I5879f.4r 
91183.69 
1285.48 
99227.30 
91794,69 
11938.55 
1304.20 
36858,76 
126961.34 
82212.02 
16637,47 
6737.72 
6.68 
161432.30 
142118.73 
22624.24 
39535.93 
160483.28 
24786.22 
261472.31 
52005.16 
15039.67 
13720.30 
257248.14 
100892.85 
42137.29 
32233.31 
Contd. 
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S.No. 
46. 
47. 
48. 
49. 
50. 
51.. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76, 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
Year 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1986 
1986 
1987 
1988 
1989 
ARF 
1319.78 
1222.75 
1263.14 
1212.59 
970.53 
816.10 
1237.74 
1511.80 
995.93 
2021,58 
2430.27 
1320,00 
2090.00 
1510.00 
1237.60 
1571.60 
1421.00 
1709.30 
1251.00 
1528.60 
951.50 
1071,60 
1502,30 
1807,69 
1401,63 
1588.60 
837.86 
1207.20 
2092.90 
1711.90 
816.96 
574.50 
1025.29 
826.69 
1249.02 
1637.03 
1367.00 
1080,85 
1241.90 
1593,05 
1346,40 
1261.00 
1469.00 
1612.05 
D 
0.02 
-0,06 
-0.03 
-0,07 
-0.25 
-0.37 
-0.05 
0.16 
-0.23 
0.56 
0.87 
0.02 
0.61 
0,16 
-0,05 
0,21 
0,09 
0,32 
-0.04 
0.18 
-0.27 
-0.17 
0.16 
0.39 
0.08 
0.22 
-0,35 
-0.07 
0.61 
0.32 
-0,37 
-0,56 
-0.21 
-0.36 
-0.04 
0.26 
0.05 
-0.17 
-0.04 
0.23 
0.04 
-0.03 
0.13 
0.24 
CD 
-2,12 
-2.18 
-2.21 
-2.27 
-2.52 
-2.90 
-2.94 
-2.78 
-3.01 
-2.46 
-1.58 
-1.57 
-0.96 
-0,80 
-0.84 
-0.63 
-0.54 
-0.22 
-0.26 
-0.08 
-0.35 
-0.52 
-0.37 
0.02 
0.10 
0.33 
-0.03 
-0.10 
0.51 
0,83 
0.46 
-0,10 
-0,31 
-0.67 
-0,71 
-0.45 
-0.40 
-0.56 
-0.61 
-0.38 
-0.34 
-0.37 
-0.24 
0.00 
(x-x") 
21.12 
- 75.91 
- 35.52 
- 86.07 
-328.13 
-482.56 
- 60.92 
213.14 
-302,73 
722.92 
1132.61 
21.34 
791.34 
211.34 
- 61.06 
272.94 
122.34 
410.64 
- 47.66 
229.94 
-347.16 
-227.06 
203,64 
509,03 
102.97 
289.94 
-460.80 
- 91.46 
794.24 
413.24 
-481.70 
-724.16 
-273.37 
-471,97 
- 49.64 
338.37 
68.34 
-217.81 
- 56.76 
294.39 
47.74 
- 37.66 
170.34 
313.39 
(x-x")^ 
446.21 
5761.78 
1261.41 
7407.43 
107666.90 
232860.67 
3710.81 
45430.23 
91643.26 
522618.50 
1280549,50 
455,55 
626224,75 
44666.13 
3727.88 
74498,21 
14967,96 
168628,23 
2271,13 
52874,06 
120517,55 
51554,61 
41470,75 
259115,17 
10603,57 
84067,30 
212333,31 
8364.28 
630822.81 
170770.31 
232031.38 
524402.44 
74729.15 
222752,25 
2463.77 
114496.73 
4670.85 
47439.63 
3221.28 
86667.64 
2279.46 
1418.00 
29016.95 
98215.69 
ARF - A v e r a g e R a i n f a l l , D - D e p a r t u r e , CD 
Mean Rainfa l l = 1298.66 mm 
S t a n d a r d Dev i a t i on = 333,088 
Coef f i c i en t of v a r i a t i o n = 25,64 
C u m u l a t i v e D e p a r t u r e , 
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APPENDIX II : L i t h o l o g i c a l logs of b o r e h o l e s d r i l l e d in P a d r a u n a s u b -
d i v i s i o n , D i s t r i c t D e o r i a , U . P . 
1 . Location - P a d r a u n a 
Tubewel l - PG - 22 
L i t h o l o g y Depth r ange T h i c k n e s s 
( m e t r e s ) ( m e t r e s ) 
Sur face c l a y 0 . 0 - 3 . 0 5 3.05 
S a n d , f ine to medium g r a i n e d 3 . 0 5 - 2 1 . 3 3 18.28 
S a n d , medium g r a i n e d 2 1 . 3 3 - 5 1 . 8 1 30 .48 
S a n d , medium g r a i n e d 5 1 . 8 1 - 6 0 . 9 0 9.09 
at p l a c e s i n d u r a t e d 
Yie ld in G . H . P . 8586000 
Drawdown 6 .097 m. 
Length of s l o t t e d p i p e 18.17 m 
S t a t i c Water l e v e l 3.50 
2 . Location i - Dhundawaha 
Tubewel l - PG-9 
L i t h o l o g y Depth r ange 
( m e t e r s ) 
0 . 0 - 3 . 6 5 
3 . 6 5 - 1 0 . ( 
10 .66 -13 
1 3 . 7 1 - 6 0 , 
b6 
.71 
.96 
T h i c k n e s s 
( m e t r e s ) 
3 .65 
7 .01 
3.05 
47 .25 
Sur face c l a y 
S a n d , f ine to medium g r a i n e d 
S a n d , medium g r a i n e d 
S a n d , medium g r a i n e d 
w i t h k a n k a r 
Yie ld in G . H . P . 89731 80 
Drawdown 6.097 m. 
Length of s l o t t e d p i p e 32 .65 m 
S t a t i c Vvater l e v e l 3 .65 m. 
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Location - Dhusi 
Tubewel l - PG-17 
L i t h o l o g y Depth r ange T h i c k n e s s 
( m e t e r s ) ( m e t r e s ) 
Clay 0 , 0 - 9 . 1 4 9,14 
S a n d , f i n e t o medium g r a i n e d 9 , 1 4 - 7 3 , 1 5 64 .01 
Sand medium g r a i n e d 7 3 , 1 5 - 7 6 . 0 0 2 .85 
and k a n k a r 
Yie ld in G , P , H , 9120600 
Drawdown 7,012 m. 
Length of s l o t t e d p i p e 30,12 m. 
S t a t i c w a t e r l e v e l 3 ,96 m, 
4 , Location - S i n d u r i a Khurd 
Tubewel l - PG-12 
L i t h o l o g y 
Sur face c l a y 
Sandy c l a y 
Sand brown f ine g r a i n e d 
Sand b r o w n f ine to medium 
g r a i n e d 
Sandy g r e y medium g r a i n e d 
Clay 
Clay and k a n k a r 
Sand b rown f ine to m. g r a i n e d 
Sand g r e y medium g, & k a n k a r 
Clay 
S i l t 
Sand b rown f ine g r a i n e d 
Depth range 
(meters) 
0,0-3,05 
3,05-4,57 
4,57-7.62 
7,62-10.66 
10.66-15.24 
15,24-21.33 
21.33-27.43 
27,43-30.48 
30.48-34.74 
34.74-40.23 -
40.23-42.67 
42,67-45,72 
Thickness 
(metres ) 
3,05 
1,52 
3.05 
3.04 
4.58 
6.09 
6.10 
3.05 
4.26 
5.49 
2.44 
3.05 
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Sand f ine to m. g, w i t h k a n k a r 4 5 , 7 2 - 5 1 . 2 0 5.48 
Sand fine g r a i n e d 5 1 . 2 0 - 5 1 . 8 1 0.61 
Clay and k a n k a r 5 1 . 8 1 - 5 7 . 9 1 6.10 
Clay 5 7 . 9 1 - 6 4 . 0 0 6.09 
Sand f ine g r a i n e d 6 4 . 0 0 - 6 5 . 5 3 1.53 
Sand fine to medium g r a i n e d 6 5 . 5 3 - 7 1 . 6 2 6.07 
Clay and k a n k a r 7 1 . 6 2 - 8 9 . 9 1 18 ,29 
S i l t 8 9 . 9 1 - 9 1 , 4 4 1.53 
Sand f ine g r a i n e d 9 1 . 4 4 - 9 7 . 5 3 6 .09 
Sand m . g . w i t h k a n k a r 9 7 . 6 3 - 1 0 0 . 5 3 3.05 
Sand m . g . w i t h k a n k a r 100-r53-114.30 3.72 
Sand i n d u r a t e d 1 1 4 . 3 0 - 1 1 8 . 8 7 4 .57 
Yie ld in G . P . H . 8199090 
Drawdown 4 .268 m. 
Length of s l o t t e d p i p e 36.52 m. 
S t a t i c w a t e r l e v e l 4 .26 m. 
5 . Location - ^5ohnapur 
Tubewel l - HG-4 
L i t h o l o g y 
Clay 
Sand 
Sand and k a n k a r 
Sand , c o a r s e and k a n k a r 
Sand , medium and k a n k a r 
Clay and k a n k a r 
Sand and k a n k a r 
Clay and k a n k a r 
Sand , c o a r s e and k a n k a r 
Sand , medium and k a n k a r 
S a n d , c o a r s e and k a n k a r 
Depth r a n g e 
( m e t e r s ) 
0 . 0 - 4 . 5 7 
4 . 5 7 - 7 . 6 2 
7 . 6 2 - 1 0 . 6 7 
1 0 . 6 7 - 1 3 . 7 2 
1 3 . 7 2 - 1 9 . 8 1 
1 9 . 8 1 - 2 4 . 3 8 
2 4 . 3 8 - 2 4 . 9 9 
2 4 . 9 9 - 2 7 , 4 3 
2 7 , 4 3 - 2 8 . 9 6 
2 8 . 9 6 - 3 0 . 4 8 
3 0 . 4 8 - 3 9 . 9 3 
T h i c k n e s s 
( m e t r e s ) 
4 .57 
3.05 
3.05 
3.05 
6 .09 
4 .57 
0 .61 
2.44 
1.53 
1.52 
9.45 
226 
Clay and k a n k a r 
Sand fine and k a n k a r 
S a n d , c o a r s e and k a n k a r 
C o a r s e sand 
Clay and kankar 
Sand medium and kankar 
Sand , coarse and kankar 
Clay 
3 9 , 9 3 - 4 3 . 2 8 
4 3 . 2 8 - 4 7 . 2 4 
4 7 . 2 4 - 5 3 . 3 4 
5 3 . 3 4 - 5 8 , 5 2 
5 8 . 5 2 - 8 5 . 3 4 
8 5 . 3 4 - 8 8 . 3 9 
8 8 , 3 9 - 9 1 . 7 4 
9 1 . 7 4 - 9 4 . 4 9 
3.35 
3.95 
6 .10 
5.18 
26 .82 
3.05 
3.35 
2 .75 
Location 
Tubewel l 
Ramkola 
JN-4 
L i t h o l o g y Dep th r a n g e 
( m e t e r s ) 
T h i c k n e s s 
( m e t r e s ) 
Sur face c l a y 
Sand fine 
Clay and k a n k a r 
Sand medium 
Clay and k a n k a r 
0.0-10.00 
10.00-20.00 
20.00-23.00 
23.00-75.00 
75.00-80.00 
10.00 
10,00 
3.00 
52.00 
5.00 
Location 
Tubewel l 
K h a d d a 
HG-8 
L i t h o l o g y Dep th r ange 
( m e t e r s ) 
0 0 . 0 - 2 . 7 0 
2 . 7 0 - 4 1 . 4 0 
4 1 . 4 0 - 4 5 . 0 0 
4 5 . 0 0 - 7 2 . 0 0 
T h i c k n e s s 
( m e t r e s ) 
2 .70 
38 .70 
3.60 
27 .00 
Surface clay-
Sand f ine 
Clay and k a n k a r 
Sand medium 
Yie ld in G . P . H . 8762040, Drawdown 5.792 m . , Length of s . p i p e 32.92 
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8. Location -
Tubewel l -
M i s r a u l i 
JN-9 
L i t h o l o g y Dep th range 
( m e t e r s ) 
0 , 0 0 - 3 . 0 0 
3 . 0 0 - 1 7 . 0 0 
1 7 . 0 0 - 2 7 . 0 0 , 
2 7 . 0 0 - 6 2 . 0 0 
6 2 . 0 0 - 5 9 . 2 0 
5 9 . 0 0 - 6 4 . 2 0 
6 4 . 2 0 - 7 7 . 0 0 
7 7 . 0 0 - 9 7 . 0 0 
9 7 . 0 0 - 1 0 2 . 0 0 
T h i c k n e s s 
( m e t r e s ) 
3,00 
14.00 
10.00 
25 .00 
7 .20 
5.00 
12.80 
20 .00 
5.00 
Sur face c l a y 
Sand , f ine 
Clay and kankar 
Sand , medium 
Clay and k a n k a r 
S a n d , medium 
Clay and k a n k a r 
Sand medium to c o a r s e 
Clay and k a n k a r 
9. Location - Ma thau l i 
Tubewel l - PG-13 
L i t h o l o g y Depth range 
( m e t e r s ) 
0 . 0 0 - 9 . 4 4 
9 . 4 4 - 1 3 . 1 0 , 
1 3 . 1 0 - 1 8 . 2 8 
1 8 , 2 8 - 2 1 . 3 3 
2 1 . 3 3 - 3 0 . 4 8 
3 0 , 4 8 - 3 6 . 6 7 
3 6 , 6 7 - 4 3 , 2 8 
4 3 , 2 8 - 4 6 , 9 3 
4 6 , 9 3 - 6 1 , 8 1 
5 1 . 8 1 - 6 4 , 8 6 
5 4 , 8 6 - 6 7 , 0 5 
6 7 , 0 5 - 7 0 , 1 0 
T h i c k n e s s 
( m e t r e s ) 
9.44 
3 ,66 
5 ,18 
3,06 
9,16 
6 ,09 
6 ,71 
3,65 
4 ,80 
3,05 
12 ,19 
3.05 
Sur face c l a y 
Sand f ine g r a i n e d 
Sand fine to medium g r a i n e d 
S i l t 
Sand fine to medium g r a i n e d 
Sand g r e y medium g r a i n e d 
Sand m . g , w i t h k a n k a r & P e b b l e s 3 6 , 6 7 - 4 3 , 2 8 
Clay y e l l o w 
S i l t 
Sand f ine g r a i n e d 
Sand f ine to medium g r a i n e d 
Clay 
Yie ld in G . P . H . 10360440, Drawdown 5.182 m , . Length of s . p i p e 31.09m 
228 
10 . Loca t ion - Kasia 
T u b e w e l l - PG-1 
L i t h o l o g y Depth r ange T h i c k n e s s 
( m e t e r s ) ( m e t r e s ) 
Sur face c l a y 0 . 0 0 - 1 . 5 2 1.52 
Sand , y e l l o w , f ine to m . g r a i n e d 1 . 5 2 - 4 . 5 7 3.05 
S a n d , b r o w n , medium g r a i n e d 4 . 5 7 - 9 . 1 4 4 ,57 
Sand medium g r a i n e d 9 . 1 4 - 1 3 . 7 1 4 .57 
Sand f ine g r a i n e d 1 3 . 7 1 - 1 5 . 2 4 1.53 
Sand medium g r a i n e d w i t h k a n k a r 1 5 . 2 4 - 1 6 . 7 6 1.52 
Clay and k a n k a r 1 6 . 7 6 - 2 2 . 8 6 6 .10 
Sand w i t h c l a y 2 2 . 8 6 - 2 4 . 3 8 1.52 
S i l t 2 4 . 3 8 - 2 5 . 6 0 1.22 
Sand medium g r a i n e d 2 5 . 6 0 - 2 6 . 2 1 0 .61 
Sand medium g r a i n e d 2 6 . 2 1 - 2 6 . 5 2 0 .31 
S a n d , g r e y f ine to medium g r a i n e d 2 6 . 5 2 - 2 7 , 4 3 0 .91 
Sand g r e y medium g r a i n e d 2 7 . 4 3 - 3 4 , 1 4 6 .71 
Sand i n d u r a t e d 3 4 , 1 4 - 3 5 , 0 5 0 ,91 
Clay b l a c k h a r d 3 5 , 0 5 - 3 6 . 5 7 1,52 
Clay v e r y h a r d wi th k a n k a r 3 6 , 5 7 - 3 7 . 1 8 0 .61 
Sand w i t h c l a y 3 7 . 1 8 - 3 8 . 4 0 1.22 
Sand wi th f ine g r a i n e d 3 8 . 4 0 - 4 0 . 2 3 1.83 
Sand medium g r a i n e d & k a n k a r 4 0 . 2 3 - 4 2 . 6 7 ,; 2 .44 
Sand medium g r a i n e d w i t h k a n k a r 4 2 , 6 7 - 4 5 . 1 1 2 .44 
Clay h a r d 4 5 . 1 1 - 4 6 . 9 3 1.82 
Clay h a r d and k a n k a r 4 6 , 9 3 - 4 9 . 9 8 3.05 
Sandy c l a y 4 9 . 9 8 - 5 0 . 5 9 0 .61 
Clay b l a c k h a r d 5 0 . 5 9 - 5 4 . 2 5 3.66 
Clay and k a n k a r 5 4 . 2 5 - 5 6 . 9 9 2 .74 
Sand at p l a c e s i n d u r a t e d 5 6 . 9 9 - 5 9 . 4 3 2 .44 
Sand f ine g r a i n e d 5 9 . 4 3 - 6 1 . 5 7 2.14 
S a n d , f i n e to m . g . and k a n k a r 6 1 . 5 7 - 6 9 . 1 9 7.62 
Clay y e l l o w h a r d and k a n k a r 6 9 . 1 9 - 7 5 , 2 8 6,09 
Clay y e l l o w h a r d 7 5 , 2 8 - 8 2 , 9 0 7.62 
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S a n d , f ine g r a i n e d wi th c l a y 8 2 . 9 0 - 8 3 . 2 1 0 .31 
Clay h a r d 8 3 . 2 1 - 8 7 . 1 8 3.97 
Sand m . g . w i t h sma l l k a n k a r 8 7 . 1 8 - 9 5 . 4 0 8.22 
Sand c o a r s e g . w i t h sma l l k a n k a r 9 5 . 4 0 - 1 0 4 . 8 5 9.45 
Clay b l a c k hard 1 0 4 . 8 5 - 1 0 6 . 2 7 1.43 
Yie ld in G . P . H . 5500980 
Drawdown 5.487 m. 
Length of s l o t t e d p i p e 36 .73 m. 
S t a t i c w a t e r l e v e l 3.04 m. 
1 1 . Loca t ion - Bilwa 
Tubewel l - PG-2 
L i t h o l o g y Dep th r ange T h i c k n e s s 
( m e t e r s ) ( m e t r e s ) 
Sur face c l a y 0 . 0 0 - 2 . 7 4 2 .74 
Sand fine g r a i n e d 2 . 7 4 - 8 . 2 2 5.48 
Sand medium g r a i n e d 8 . 2 2 - 1 0 . 0 5 2 ,83 
Sand m . g . at p l a c e s i n d u r a t e d 1 0 . 0 5 - 1 5 . 1 5 5.10 
Clay and k a n k a r 1 5 . 1 5 - 1 9 . 8 1 4 .66 
Sand c l a y 1 9 . 8 1 - 2 2 , 8 6 3.05 
Sand f ine g r a i n e d 2 2 , 8 6 - 2 5 . 9 1 3 .05 
Sand medium g r a i n e d 2 5 . 9 1 - 4 2 . 3 6 16.45 
Clay s t i c k y and k a n k a r 4 2 . 3 6 - 5 0 . 9 0 8,54 
Clay s t i c k y 5 0 , 9 0 - 5 9 . 4 3 8.53 
Sand medium g r a i n e d 5 9 . 4 3 - 6 4 , 0 0 4 .57 
Clay and k a n k a r 6 4 . 0 0 - 7 8 . 6 3 14 ,63 
G r a v e l and sand 7 8 . 6 3 - 8 3 . 5 1 4 .88 
Sand f ine g r a i n e d 8 3 , 5 1 - 8 5 . 3 4 1.83 
Sand c o a r s e g r a i n e d & g r a v e l 8 5 . 3 4 - 9 2 . 6 5 7 .31 
Sand f ine g r a i n e d 9 2 . 6 5 - 9 6 . 6 2 3 .97 
Sand medium g r a i n e d 9 6 . 6 2 - 9 8 . 1 4 1.52 
Clay 9 8 . 1 4 - 1 0 4 . 2 4 6.10 
Yie ld in G . P . H . 7138260, Drawdown 6,097 m . , Length of s . p i p e 29 .48m, 
S t a t i c w a t e r l e v e l 4 .57 m. 
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12. Location - Tamkuh i 
Tubewel l - PG-15 
L i t ho logy Depth r a n g e 
( m e t e r s ) 
0 . 0 0 - 3 . 6 5 
3 . 6 5 - 9 . 1 4 
9 . 1 4 - 1 2 . 8 0 
1 2 . 8 0 - 1 5 . 8 4 
1 5 . 8 4 - 2 0 . 7 2 
2 0 . 7 2 - 3 4 . 1 3 
3 4 . 1 3 - 3 7 . 1 8 
3 7 . 1 8 - 5 2 . 4 2 
5 2 . 4 2 - 5 4 . 2 3 
5 4 . 2 3 - 5 7 . 3 0 
5 7 . 3 0 - 5 9 . 7 4 » 
5 9 . 7 4 - 7 0 . 1 0 
7 0 , 1 0 . 7 3 . 1 5 
7 3 . 1 5 - 7 4 . 6 7 
7 4 . 6 7 - 7 7 . 7 2 
7 7 . 7 2 - 7 9 . 2 4 
T h i c k n e s s 
( m e t r e s ) 
3.65 
5.49 
3.66 
3.04 
4 .88 
13.41 
3.05 
15.24 
1.83 
3 .05 
2..4 4 
10.36 
3.05 
1.5 
3.05 
1.52 
Surface c l a y 
Clay 
Clay and kankar 
Sand fine g.at Places indurated 
Sand m.g.at places indurated 
Clay and kankar 
Kankar 
Sand medium g r a i n e d & k a n k a r 
Sand f ine g r a i n e d 
Clay 
Sand f ine g r a i n e d & k a n k a r 
Sand m . g . a t p l a c e s i n d u r a t e d 
Clay 
Sand f ine g r a i n e d 
Sand medium g r a i n e d 
Clay 
Yie ld in G . P . H . 7660170 
Drawdown 5 .182 m 
Length of s l o t t e d p i p e 31 .73 m. 
S t a t i c w a t e r l e v e l 4 .57 m. 
13, Location - Belwa Janga l 
Tubewel l -
L i t h o l o g y Depth r a n g e 
( m e t e r s ) 
0 . 0 0 - 9 . 0 0 
9 . 0 0 - 6 8 . 4 5 
6 8 , 4 5 - 7 4 . 4 5 
7 4 . 4 5 - 7 9 , 4 5 
T h i c k n e s s 
( m e t r e s ) 
9 ,00 
59 .45 
6.00 
5.00 
Sur face c l a y 
S a n d , f ine 
Clay and k a n k a r 
Sand , medium 
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Clay and kankar 79,45-86.65 7.20 
Yield in G.P.H. 11880000 
Drawdown 4.57 m. 
Length of s lo t ted pipe 30.20 m. 
14. Location - P ipra i 
Tubewell - PG-42 
Lithology Depth range Thickness 
(meters ) (metres ) 
Surface c 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
and 
and 
l ay 
kankar 
kankar 
0 . 0 0 - 4 . 8 0 
4 . 8 0 - 2 4 . 9 2 
2 4 . 9 2 - 2 8 . 5 2 
2 8 . 5 2 - 3 6 . 0 2 
3 6 . 0 2 - 4 2 . 0 2 
4 2 . 0 2 - 4 7 . 1 2 
4 7 . 1 2 - 5 1 . 3 2 
5 1 . 3 2 - 7 8 . 0 2 
4 .80 
20 .12 
3.60 
7,50 
6.00 
5.10 
4 .20 
26 .70 
Yield in G.P.H. 7992000 
Drawdown 4.26 m. 
Length of s lo t ted p ipe 30.10 rn, 
Static water level 3.04 m. 
15. Location - Sohnaria 
Tubewell - PG-20 
Lithology Depth range Thickness 
(meters) (metres) 
Surface clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay and kankar 
0 . 0 0 - 7 . 5 0 
7 , 5 0 - 3 6 . 3 0 
3 6 . 3 0 - 4 2 , 3 0 j 
4 2 . 3 0 - 4 8 . 3 0 
4 8 . 3 0 - 5 4 . 3 0 
5 4 . 3 0 - 7 0 . 6 0 
7 0 . 6 0 - 7 2 . 7 0 
7.50 
28 .80 
6,00 
6 ,00 
6 ,00 
12,30 
2 .10 
Yield in G.P.H. 8199090 
Drawdown 7.926 m. 
Length of s lot ted pipe31.20 m. 
Static water level 3.04 m. 
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16. Location 
Tubewell 
Kotwa 
JN-3 
Lithology Depth range 
(meters ) 
Thickness 
(metres ) 
Surface clay 
Sand 
Clay 
Sand 
0 . 0 0 - 6 . 0 0 0 
6 . 0 0 - 4 1 . 0 0 
4 1 . 0 0 - 4 5 . 0 0 
4 5 . 0 0 - 7 0 . 0 0 
6 .00 
35 .00 
4 .00 
25 .00 
17. Location -
Tubewell -
Chhapra 
PG-X 
Lithology D e p t h range 
( m e t e r s ) 
0 . 0 0 - 9 . 5 0 
9 . 5 0 - 4 5 . 1 0 
4 5 . 1 0 . 4 9 , 0 0 
4 9 . 0 0 - 6 7 . 0 0 
6 7 . 0 0 - 7 0 . 0 0 
T h i c k n e s s 
( m e t r e s ) 
9 .50 
35.60 
3 .90 
18.00 
3 .00 
Surface clay 
Sand , fine 
Clay and kankar 
Sand medium 
Clay and kankar 
18, Location - Sishan 
Tubewell - IHP - 1 
Lithology Depth range 
(meters ) 
Thickness 
(metres) 
Surface clay 
Sand, fine 
0.00-2.70 
2.70-41.40 
2.70 
38.70 
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19 . Location - J a t h a Janga l 
Tubewel l - IR-19 
L i t h o l o g y 
Sur face c l a y 
Sand , fine 
Clay and k a n k a r 
Sand , medium 
20 . Location -
Tubewel l -
L i t h o l o g y 
Sur face c l a y 
S a n d , f ine to med 
Clay and k a n k a r 
B a l k u r i a 
B-1 
ium 
Depth r a n g e 
( m e t e r s ) 
0 , 0 0 - 2 . 8 0 
2 , 8 0 - 4 0 . 8 0 
4 0 . 8 0 - 4 4 . 8 0 
4 4 . 8 0 - 6 9 . 8 0 
Dep th r a n g e 
( m e t e r s ) 
0 , 0 0 - 6 . 0 0 
6 . 0 0 - 6 9 . 0 0 
6 9 . 0 0 - 7 5 . 0 0 
T h i c k n e s s 
( m e t r e s ) 
2 .8 
38 .0 
4 .0 
25 .00 
T h i c k n e s s 
( m e t r e s ) 
6 .00 
63 .00 
6 .00 
2 1 . Location - C h h i t a u n i 
Tubewel l - JN-2 
L i t h o l o g y Depth r a n g e T h i c k n e s s 
( m e t e r s ) ( m e t r e s ) 
Sur face c l a y 
S a n d , f ine 
Clay and k a n k a r 
S a n d , medium 
0.00-3.00 
3.00-43.00 
43.00-46.00 
46.00-76.00 
3.00 
40.00 
3.00 
30.00 
22. Location - Barwa 
Tubewel l - PG-68 
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L i t h o l o g y Depth r a n g e 
( m e t e r s ) 
T h i c k n e s s 
( m e t r e s ) 
Sur face c l a y 
Sand 
Clay 
0 . 0 0 - 9 . 0 0 
9 . 0 0 - 6 6 . 0 0 
6 6 . 0 0 - 7 2 . 0 0 
9.00 
57 .00 
6 .00 
2 3 . Location -
Tubewel l -
Barwa Bazar 
PG-67 
L i t h o l o g y Dep th r ange 
( m e t e r s ) 
T h i c k n e s s 
( m e t r e s ) 
Sur face c l a y 
Sand . f ine 
Clay 
S a n d , medium 
Clay and k a n k a r 
0 . 0 0 - 9 . 0 0 
9 . 0 0 - 1 8 . 0 0 
1 8 . 0 0 - 2 1 . 0 0 
2 1 . 0 0 - 7 0 . 5 0 
7 0 . 5 - 7 5 . 0 0 
9.00 
9 .00 
3 .00 
49 .50 
4 .50 
24 . Location -
Tubewel l -
P a r s o w n i 
PG-19 
L i t h o l o g y Depth r a n g e 
( m e t e r s ) 
T h i c k n e s s 
( m e t r e s ) 
S a n d , f ine g r a i n e d 0 . 0 0 - 6 . 0 9 
S a n d , medium g r a i n e d 6 . 0 9 - 1 5 . 2 4 
Sand i f ine to medium g r a i n e d 1 5 . 2 4 - 7 9 . 2 4 
6.09 
9.15 
64 .00 
Yie ld in G . P . H . 9666000 
Drawdown 3.658 m. 
Length of s l o t t e d p i p e 24 .02 m. 
S t a t i c w a t e r l e v e l 3.20 m. 
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25 . Location - R a c c h a p u r we l l 
Tubewel l - SPG-41 (Data m o d i f i e d ) 
L i t h o l o g y D e p t h range 
( m e t e r s ) 
0 . 0 0 - 1 5 . 2 3 
1 5 . 2 3 - 6 0 . 9 6 
6 0 . 9 6 - 7 0 . 1 0 
7 0 . 1 0 - 9 1 . 4 4 
9 1 . 4 4 - 9 7 . 5 3 
9 7 . 5 3 - 1 2 1 . 9 2 
1 2 1 . 9 2 - 1 3 1 . 0 6 
1 3 1 . 0 6 - 1 4 9 . 3 5 
1 4 9 . 3 5 - 2 3 7 . 7 3 
2 3 7 . 7 3 - 2 6 8 . 2 1 
2 6 8 . 2 1 - 3 0 4 . 7 9 
T h i c k n e s s 
( m e t r e s ) 
15.23 
45 .73 
9.14 
21.00 
6 .09 
25 .00 
9.14 
18.29 
88.38 
30.48 
36.58 
Clay 
Sand ' 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
26. Location - Gandak we l l 
Tubewel l - 1 ( O . N . G . C . , mod i f i ed as per t h e r e q u i r e m e n t ) 
L i t h o l o g y Depth range 
(meters ) 
0 . 0 0 - 1 0 6 . 0 
1 0 6 . 0 0 - 1 1 0 . 0 0 
1 1 0 T 0 0 - 1 1 3 . 5 0 
1 1 3 . 5 0 - 1 1 5 . 0 0 
1 1 5 . 0 0 - 1 1 8 . 5 0 
1 1 8 . 5 0 - 1 2 0 . 0 0 
1 2 0 . 0 0 - 2 3 0 . 0 0 
2 3 0 . 0 0 - 2 4 0 . 0 0 
2 4 0 . 0 0 - 2 5 5 . 0 0 
2 6 5 . 0 0 - 2 6 5 . 0 0 
2 6 5 . 0 0 - 3 2 0 . 0 0 
T h i c k n e s s 
(metres ) 
106.00 
4 .00 
3 .50 
1.50 
3.50 
1.50 
110.00 
10.00 
15.00 
10.00 
55.00 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
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Clay 320.00-370.00 50.00 
Sand 3 7 0 . 0 0 - 3 9 0 . 0 0 20 .00 
Clay 3 9 0 . 0 0 - 4 1 5 . 0 0 25 .00 
Sand 4 1 5 . 0 0 - 4 8 0 . 0 0 65 .00 
Clay 4 8 0 . 0 0 . 5 0 0 . 0 0 20 .00 
27, Location - Raxaul we l l 
Tubewel l - 1 ( O . N . G . C . , mod i f i ed as p e r t h e r e q u i r e m e n t ) 
L i t h o l o g y 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand' 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Dep th r a n g e 
( m e t e r s ) 
0 . 0 0 . 3 5 . 0 0 
3 5 . 0 0 . 4 5 . 0 0 
4 5 . 0 0 - 7 0 . 0 0 
7 0 . 0 0 . 8 0 . 0 0 
8 0 . 0 0 . 8 6 . 0 0 
8 6 . 0 0 - 1 3 3 . 0 0 
1 3 3 . 0 0 - 1 3 7 . 5 0 
1 3 7 . 5 0 - 1 5 7 . 5 0 
157.50 - 1 6 3 . 0 0 
163. '00-382.50 
3 8 2 . 5 0 - 3 8 8 . 0 0 
3 8 8 . 0 0 - 4 7 0 . 0 0 
4 7 0 . 0 0 - 4 7 3 . 0 0 
4 7 3 . 0 0 - 4 8 6 . 5 0 
4 8 6 . 5 - 4 9 0 . 0 0 
4 9 0 . 0 0 - 5 0 0 . 0 0 
T h i c k n e s s 
( m e t r e s ) 
35.00 
10.00 
25 .00 
10 .00 
6 .00 
47 .00 
4 .50 
20.00 
5.50 
219.50 
4 .50 
82.00 
3.00 
13.30 
3.50 
10.00 
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APPENDIX IV: Showing r e s u l t s of g r a i n s i z e a n a l y s i s 
Sample n o . l a 
L o c a t i o n : Barwa Janga l ( L i t t l e Gandak r i v e r a t 30 c m . d e p t h ) 
S .No. S i eve No. S i e v e s i z e Weight Weight C u m u l a t i v e Cumulative 
in mm. in gm. p e r c e n t Wt,% Wt, % 
r e t a i n e d p a s s i n g 
1 . 
2 . 
3. 
4 . 
5. 
6 . 
7. 
8. 
9 . 
10 . 
20 
26 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0 .50 
0.35 
0.25 
0 .177 
0.125 
0.088 
0 .0625 
< 0 . 0 6 2 5 
n i l 
0 .02 
0 .27 
0.10 
0 .02 
0 .72 
49 .12 
22,60 
8.00 
17.80 
n i l 
0 ,02 
0.27 
0.10 
0.02 
0.72 
49 ,79 
22 .90 
8.10 
18,04 
n i l 
0 ,02 
0 .29 
0.39 
0 .41 
8.50 
50 .92 
73 .82 
8 1 . 9 2 
99 .96 
100 ;00 
99 .98 
9 9 . 7 1 
9 9 . 6 1 
98 .57 
99.00 
49 .08 
26 .18 
18.08 
0.04 
Sample n o . l b 
L o c a t i o n : Barwa Janga l ( L i t t l e Gandak r i v e r a t 1 mt d e p t h ) 
S .No. 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
S i eve No, 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
S ieve s i z e 
in mm. 
0.84 
0.71 
0.50 
0,35 
0.25 
0.177 
0.125 
0 .088 
0,0625 
< 0 . 0 6 2 5 
Weight 
in gm, 
ni l 
0 ,05 
1,47 
0,65 
0.15 
1,70 
60 .00 
16.40 
8.50 
8 .00 
Weight 
p e r c e n t 
n i l 
0 .05 
1.52 
0.67 
0.15 
1.75 
61.90 
16.92 
8.77 
8,25 
Cumula t i ve 
Wt. % 
r e t a i n e d 
n i l 
0 ,05 
1,57 
2,24 
2,39 
4,14 
66.04 
82.96 
91 .73 
99 .98 
Cumula t i ve 
Wt. % 
p a s s i n g 
100.00 
99 .95 
98 .43 
97 .76 
9 7 . 6 1 
95 .86 
33 .96 
17.04 
8 .27 
0 .02 
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Sample no . 2a 
Locat ion: Belwa ( L i t t l e Gandak r i v e r a t 30cm, d e p t h ) 
S .No. S ieve No, S ieve s i z e Weight Weight C u m u l a t i v e Cumula t i ve 
in mm. in gm, p e r c e n t Wt, % Wt, % 
r e t a i n e d p a s s i n g 
100.00 
99 .97 
99,77 
99 .67 
99 ,17 
98 ,52 
43 ,02 
12.22 
4 .82 
0 .00 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0.71 
0.50 
0.35 
0,25 
0 ,177 
0.125 
0 .088 
0.0625 
/ 0,0625 
n i l 
0 .03 
0.20 
0.10 
0,05 
0,65 
55 ,00 
30.50 
7,40 
5,00 
n i l 
0 ,03 
0,20 
0,10 
0,50 
0.65 
55 ,61 
30,80 
7,40 
5,00 
n i l 
0 .03 
0 ,23 
0 ,33 
0 .83 
1,48 
56 .98 
87 .78 
95,15 
100.00 
Sample n o . 2b 
Locat ion: Belwa ( L i t t l e Gandak r i v e r at 1 m, d e p t h ) 
S .No. S i e v e No. S ieve s i z e Weijiht Weight Cumula t i ve Cumula t i ve 
in mm. in gm, p e r c e n t Wt, % Wt. I 
r e t a i n e d p a s s i n g 
1. 20 0.84 ni l n i l n i l 100,00 
2 . 25 0 .71 0,05 0,05 0,05 99,05 
3 . 35 0.50 1.15 1,22 1,27 98 ,73 
4 . 45 0.35 0.55 0,58 1,85 98.15 
5. 60 0.25 0,55 0.58 2 .43 97 .57 
6. 80 0 .177 3,50 3,70 6,14 93 ,86 
7. 120 0,125 76 .00 80 ,70 86 ,80 13,16 
8. 170 0,088 8,20 8.70 95,54 4 .46 
9. 230 0.0625 2 .57 2 ,72 98,26 1,74 
10. PAN / 0 . 0 6 2 5 1.60 1,69 99 ,95 0,005 
243 
Sample n o . 3a 
Locat ion: M i s r a u l i ( L i t t l e Gandak r i v e r at 3 0 c m . d e p t h ) 
S .No . S ieve No. S ieve s i z e Weight Weight C u m u l a t i v e Cumula t ive 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99.95 
99 .89 
98.86 
98 .76 
98.56 
33.34 
13.97 
5.10 
0.00 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8. 
9. 
10 . 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.177 
0.125 
0 .088 
0.0625 
< 0 , 0 6 2 5 
ni l 
0 ,05 
0 .55 
0 .52 
0.10 
0.20 
64 .00 
19.00 
8.70 
5.00 
ni l 
0 .05 
0.56 
0 .53 
0.10 
0 .20 
65 .22 
19.37 
8.87 
5.10 
ni l 
0 .05 
0.61 
1.14 
1.24 
1.44 
66 .66 
86 .03 
94.90 
100.00 
Sample n o . 3b 
Locat ion: M i s r a u l i ( L i t t l e Gandak r i v e r a t 1 m. d e p t h ) 
S .No . 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
S ieve No. 
20 
25 
35 
45 
. 60 
80 
120 
170 
230 
PAN 
Sieve s i z e 
in mm . 
0.84 
0 .71 
0.50 
0.35 
0 .25 
0 .177 
0 .125 
0 .088 
0.0625 
\ 0 . 0 6 2 5 
Weight 
in gm . 
n i l 
0 .043 
1.30 
1.00 
0.027 
3.70 
70.00 
8.25 
7.55 
5.50 
Weight 
p e r c e n t 
n i l 
0 .043 
1.30 
1.00 
0 .027 
3.80 
72.06 
8.25 
7.77 
5.66 
Cumula t i ve 
Wt. % 
r e t a i n e d 
n i l 
0 .043 
1.343 
2 .343 
2 .37 
6.17 
78 .23 
8 6 . 4 a : 
94 .25 
99 .91 
Cumula t ive 
Wt. % 
p a s s i n g 
100.00 
99 .95 
98 .65 
97 .65 
97 .62 
93 ,82 
21 ,76 
13 .51 
5.74 
0 .08 
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Sample no . 4a 
Locat ion: B i s h a n p u r a ( L i t t l e Gandak r i v e r at 30cm. d e p t h ) 
S .No. S i e v e No. S ieve s i z e Weight Weight Cumula t i ve Cumula t ive 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99.95 
98.25 
97.32 
97.12 
93.98 
18.68 
9.38 
4 .50 
0 .32 
1 . 
2. 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.177 
0.125 
0 .088 
0.0625 
<.0.0625 
n i l 
0.05 
1,70 
0.93 
0.20 
3.12 
72.29 
9.00 
4.7 0 
4 .00 
n i l 
0.05 
1.70 
0.93 
0.20 
3.14 
75.30 
9.30 
4 .88 
4 .18 
n i l 
0.05 
1.75 
2 .68 
2 .88 
6 ,02 
81.32 
90 .62 
95.50 
99,68 
Sample n o . 4b 
Locat ion: B i s h a n p u r a ( L i t t l e Gandak r i v e r a t 1 m. d e p t h ) 
S .No . S i e v e No. S ieve s i z e Weight Weight C u m u l a t i v e C u m u l a t i v e 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99.90 
97.76 
96.75 
96.19 
91.70 
12.16 
5.32 
3.18 
0 .01 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0 ,50 
0 .35 
0 .25 
0 .177 
0 .125 
0 .088 
0.0625 
x 0 . 0 6 2 5 
ni l 
0.10 
2.10 
1.00 
0.55 
4 .40 
78.00 
6 .71 
2.10 
3.10 
ni l 
0 .10 
2.14 
1.01 
0,56 
4 .49 
79.54 
6.84 
2.14 
3.17 
nil 
0.10 
2.24 
3.'25 
3 .81 
8.30 
87.84 
94 .68 
96.82 
99 .99 
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Sample n o . 5a 
Locat ion: P i p r a h i a ( L i t t l e Gandak r i v e r a t 3 0 c m . d e p t h ) 
S .No . 
1. 
2. 
3 . 
4 . 
5 . 
6 . 
7. 
8 . 
9. 
10. 
S ieve No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
S ieve s i z e 
in mm. 
0.84 
0 .71 
0.50 
0.35 
0 .25 
0 .177 
0.125 
0 .088 
0.0625 
< 0 . 0 6 2 5 
Weight 
in gm. 
n i l 
0 .05 
0 .17 
0,10 
0.04 
0,67 
50 .00 
20 ,98 
9,00 
16 .7 8 
Vveight 
p e r c e n t 
n i l 
0,05 
0 ,17 
0.10 
0.04 
0 .69 
51 .13 
21.45 
9,20 
17,16 
Cumula 
Wt. % 
r e t a i n e 
n i l 
0 ,05 
0 .22 
0 .32 
0,36 
1,05 
52 ,18 
73 ,63 
82 ,83 
99 .99 
t i v e 
id 
Cumula t ive 
Wt, % 
p a s s i n g 
100,00 
99 ,95 
99 ,78 
99 .68 
99,64 
98 ,95 
47 ,82 
26 ,37 
17,17 
00 ,01 
Sample n o . 5b 
Locat ion: P i p r a h i a ( L i t t l e Gandak r i v e r a t 1 m. d e p t h ) 
S .No . S i eve No. S ieve s i z e Weight Weight C u m u l a t i v e 
in mm, in gm, p e r c e n t Wt, % 
r e t a i n e d 
1. 
2. 
3 . 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0 .50 
0.35 
0 .25 
0 .177 
0 .125 
0 .088 
0.0625 
< 0 . 0 6 2 5 
ni l 
0,05 
1,40 
0 .75 
0.12 
1.82 
59.40 
17.02 
8.52 
10.35 
ni l 
0,05 
1,47 
0 ,75 
0,12 
1.83 
59.70 
17 .11 
8.56 
10,40 
n i l 
0 .05 
1,52 
2 .27 
2 ,39 
4 ,22 
63 .92 
81 ,03 
89 ,59 
9 9 . 9 9 ' 
Cumulat ive 
Wt, % 
passing 
100 
99 
98 
97, 
97, 
95, 
36. 
18. 
10. 
00 , 
,00 
.95 
.48 
,73 
.61 
,78 
,08 
,97 
40 
01 
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Sample n o . 6a 
Locat ion: K a s a l t o l a ( L i t t l e Gandak r i v e r a t 30cm, d e p t h ) 
S .No . S i eve No. S ieve s i z e Weight Weight Cumula t i ve Cumula t i ve 
in mm. in gm. p e r c e n t Wt. % Wt, % 
r e t a i n e d p a s s i n g 
1 . 
2 . 
3 . 
4 . 
5, 
6 . 
7. 
8 . 
9 . 
10. 
20 
25 
35 
46 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0.25 
0 .177 
0.125 
0 .088 
' 0 . 0 6 2 5 
< 0 . 0 6 2 5 
n i l 
0.06 
0 ,21 
0.09 
0.06 
0,76 
54.20 
31 .69 
6.40 
4 .56 
n i l 
0 .06 
0 .21 
0 .09 
0.06 
0 .78 
55 .29 
32,33 
6.53 
4.65 
n i l 
0,06 
0,27 
0.36 
0,42 
1.20 
56 .49 
88.82 
95,35 
100,00 
100,00 
99,94 
99 .73 
99,64 
99 .58 
98.80 
4 3 . 5 1 
11.18 
4.65 
00 .00 
Sample n o . 6b 
Locat ion: K a s a l t o l a ( L i t t l e Gandak r i v e r a t 1 m . d e p t h ) 
S.No. S i eve No. S ieve s i z e Weight Weight C u m u l a t i v e C u m u l a t i v e 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
1. 
2 . 
3 . 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
'170 
230 
PAN 
0,84 
0 .71 
0.50 
0.35 
0 .25 
0 .177 
0 .125 
0 .088 
0.0625 
< 0 . 0 6 2 5 
ni l 
0.05 
1.20 
0.62 
0.35 
2 .75 
74 .78 
10.82 
3 .41 
2. 98 
n i l 
0 .05 
1.24 
0.64 
0.36 
2.84 
77 .12 
11.16 
3 .52 
3.07 
n i l 
0.05 
1,29 
1.93 
2 .29 
5 .13 
82 .25 
93 .41 
96 .93 
100.00 
100.00 
99 ,95 
9 8 . 7 1 
98 .07 
9 7 . 7 1 
94 .87 
17.75 
6 ,59 
3 ,07 
00,00 
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Sample n o . 7a 
Locat ion: C h a i t i Musahr i (Bansi r i v e r at 3 0 c m . d e p t h ) 
S .No. S i eve No. S ieve s i z e Weight Weight C u m u l a t i v e Cumula t ive 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
1 . 
2. 
3. 
4 . 
5. 
6 . 
7. 
8 . 
9. 
10. 
20 
25 
35 
45 
- 60 
80 
120 
170 
230 
PAN 
0,84 
0 .71 
0.50 
0 .35 
0 .25 
0 .177 
0.125 
0 .088 
0.0625 
<C0.0625 
n i l 
0.05 
0.65 
0 .62 
0.09 
0.24 
63 .82 
18.74 
6.90 
7,20 
n i l 
0.05 
0.66 
0 ,63 
0 .09 
0,24 
64 ,92 
19.06 
7,02 
7.32 
n i l 
0,05 
0 ,71 
1.34 
1.43 
1,67 
66 ,59 
85.65 
92 .67 
99 .99 
100,00 
99,95 
99.29 
98.66 
98,57 
98.33 
33,41 
14.35 
7,33 
00.01 
Sample n o . 7b 
L o c a t i o n : C h a i t i Musahr i (Bansi r i v e r at 1 m. d e p t h ) 
S .No . 
1. 
• 2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8. 
9. 
10. 
S ieve No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
S ieve s i z e 
in mm. 
0.84 
0 .71 
0.50 
0 .35 
0 .25 
0 .177 
0.125 
0 .088 
0.0625 
< 0 . 0 6 2 5 
Weight 
in gm. 
n i l 
0.06 
1.20 
0,90 
0.24 
3,69 
69 ,40 
9.20 
7.69 
5.80 
Weight 
p e r c e n t 
n i l 
0 .06 
1.22 
0,92 
0,24 
3.76 
70 ,69 
9,37 
7 .83 
5 .91 
C u m u l a t i v e 
Wt. % 
r e t a i n e d 
ni l 
0 .06 
1,28 
2 .20 
2 .44 
6,20 
76,89 
86 .26 
94 .09 
100-00 
C u m u l a t i v e 
Wt, % 
p a s s i n g 
100,00 
99,94 
98 ,72 
97.80 
97 ,56 
93 ,80 
23 ,11 
13.74 
5 .91 
00.00 
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1 . 
2 . 
3 . 
4 . 
6 . 
6 , 
7. 
8 . 
9. 
10. 
20 
25 
35 
45 
60 
80, 
120 
170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0.25 
0 .177 
0.125 
0 ,088 
0.0625 
< 0 . 0 6 2 5 
nil 
0.05 
1.62 
0 .98 
0.22 
4 .20 
71.62 
8.92 
4 .96 
4 .12 
n i l 
0.05 
1.68 
1.01 
0.23 
4 .34 
74 .07 
9.23 
5.13 
4 .26 
n i l 
0.05 
1.73 
2.74 
2 .97 
7.31 
81 .38 
9 0 . 6 1 
95 .74 
100.00 
Sample n o . 8a 
Locat ion: Madanpur S u k r a u l i (Grea t Gandak r i v e r a t 30cm. d e p t h ) 
S .No . S i e v e No. S i eve s i z e Weight Weight Cumula t i ve Cumula t ive 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99.95 
98 .27 
97 .26 
97 .03 
92 .69 
18 .62 
9.39 
4 .26 
00 ,00 
Sample n o . 8b 
Locat ion: Madanpur S u k r a u l i (Grea t Gandak r i v e r a t 1 m, d e p t h ) 
S .No, S i eve No, S ieve s i z e Weight Weight C u m u l a t i v e C u m u l a t i v e 
in mm, in j^m, p e r c e n t Wt. % Wt. % 
retained passing 
100.00 
99.92 
97.88 
96.75 
96.29 
91.86 
12.19 
7.13 
3.32 
0.02 
1 . 
2 . 
3 . 
4 . 
5. 
6 . 
7. 
8 . 
9. 
10. 
• 20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0 .50 
0,35 
0,25 
0 ,177 
0,125 
0 ,088 
0.0625 
< 0 . 0 6 2 5 
n i l 
0 .08 
1.98 
1,10 
0,45 
4 ,30 
77 .26 
4 . 9 1 
3 .69 
3.20 
n i l 
0.08 
2,04 
1,13 
0,46 
4 ,43 
79,67 
5,06 
3 ,81 
3.30 
n i l 
0 .08 
2.12 
3.25 
3 .71 
8.14 
8 7 . 8 1 
92 ,87 
96.68 
99 .98 
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Sample n o . 9a 
Locat ion: Koi r i Tola (Grea t Gandak r i v e r a t 30 cm. d e p t h ) 
S .No. S ieve No. S ieve s i z e \iveight Weight Cuipu la t ive Cumula t i ve 
in mm. in gm. p e r c e n t VVt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99.95 
99 .81 
99 .69 
99 .63 
99.04 
47,82 
27.76 
17.34 
00.00 
1. 
2 . 
3 . 
4. 
5 . 
6 . 
7 . 
8. 
9, 
10. 
20 
25 
35 
45 
60 
80 
120 
•170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0 .25 
0.177 
0.125 
0 .088 
0.0625 
< 0 . 0 6 2 5 
n i l 
0,05 
0.14 
0.12 
0.06 
0 .58 
50 ,16 
19.64 
10.20 
16.98 
ni l 
0.05 
0.14 
0.12 
0.06 
0 .59 
51 .22 
20.06 
10,42 
17.34 
ni l 
0,05 
0.19 
0.31 
0.37 
0.96 
52 ,18 
72.24 
82.66 
100.00 
Sample n o . 9b 
L o c a t i o n : Koi r i Tola (Great Gandak r i v e r a t 1 m. d e p t h ) 
S .No . S i e v e No. S ieve s i z e Weight Weight C u m u l a t i v e 
in mm, in gm. p e r c e n t Wt. % 
r e t a i n e d 
1 . 
2 . 
3. 
4 . 
5. 
6. 
7. 
8 . 
9 . 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0 .50 
0.35 
0.25 
0.177 
0.125 
0 .088 
0.0625 
<_0.0625 
n i l 
0.05 
1.24 
0.74 
0 .22 
1.98 
58 .90 
15.98 
8 .86 
10.39 
n i l 
0.05 
1.26 
0.75 
0,22 
2 ,01 
59 ,88 
16,25 
9 .01 
10.56 
n i l 
0.05 
1.31 
2.06 
2.28 
4 ,29 
64 .17 
80 ,42 
89 .43 
99 .99 
C u m u l a t i v e 
Wt . % 
p a s s i n g 
100 
99 
98, 
97, 
97, 
95, 
35. 
19. 
10. 
00 . 
.00 
.95 
.69 
,94 
,72 
,71 
,83 
,58 
,57 
01 
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Sample n o . 10a 
Locat ion: C h h i t a u n i (Great Gandak r i v e r at 30 cm, d e p t h ) 
S .No. S i eve No, S ieve s i z e Weight Weight C u m u l a t i v e Cumula t i ve 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
100.00 
99 .96 
99 .76 
99 .66 
99 .58 
98 .83 
43 .57 
11 .51 
5.30 
0 0 . 0 1 
1 . 
2 . 
3 . 
4 . 
5. 
6 . 
7. 
8 . 
9 . 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 .71 
0.50 
0.35 
0.25 
0 .177 
0.125 
0 ,088 
0,0625 
< 0.0625 
n i l 
0.04 
0.20 
0.10 
0.08 
0.74 
54.30 
31.50 
6,10 
5,20 
n i l 
0.04 
0,20 
0.10 
0.08 
0,75 
55 .26 
32.06 
6 ,21 
5.29 
n i l 
0.04 
0.24 
0,34 
0 .42 
1.17 
56 ,43 
88 .49 
94 ,70 
99 ,99 
Sample no . 10b 
Locat ion: C h h i t a u n i (Grea t Gandak r i v e r at 1 m. d e p t h ) 
S.No. S ieve No. S i eve s i z e Weight Weight C u m u l a t i v e Cumula t i ve 
in mm, in gm, percent Wt. % Wt, % 
reta ined pass ing 
100.00 
98.82 
98 ,82 
98 ,08 
9 7 , 4 1 
95,00 
17.96 
7 , 9 1 
4 , 5 2 
00 .00 
1 . 
2 . 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0.84 
0 ,71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
< 0 . 0 6 2 5 
n i l 
0.05 
1.10 
0.72 
0.65 
2.35 
75.10 
9.80 
3.30 
4 . 4 1 
n i l 
0,05 
1,13 
0,74 
0,67 
2 ,41 
77,04 
10.05 
3.39 
4 .52 
n i l 
0,05 
1.18 
1.92 
2 ,59 
5,00 
82,04 
92 ,09 
95 ,48 
100,00 
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Sample n o . 11a 
Locat ion: J a t h a Janga l (Grea t Gandak r i v e r a t 30 c m . d e p t h ) 
S .No. S i eve No, S ieve s i z e Weight Weight C u m u l a t i v e C u m u l a t i v e 
in mm. in gm. p e r c e n t Wt. % Wt. % 
r e t a i n e d p a s s i n g 
1. 20 0.84 n i l n i l n i l 100.00 
2. 25 0 .71 0.04 0.04 0.04 99 .96 
3. 35 0.50 0.60 0 .61 0.65 99 .35 
4 . 45 0.35 0.72 0.73 1.38 98 .62 
5. 60 0.25 0.08 0.08 1.46 98,54 
6. 80 0.177 0.29 0 ,29 1,75 98 ,25 
7. 120 0.125 62 .10 63 .06 64 .81 35 .19 
8. 170 0 .088 19.30 19.60 84 ,41 15 ,59 
9. 230 0,0625 7,10 7.21 91,62 8,38 
10. PAN <:0 .0625 8.24 8,37 99 ,99 00 .01 
Sample n o . l i b 
Locat ion: J a t h a Janga l (Grea t Gandak r i v e r a t 1 m, d e p t h ) 
S .No. 
1. 
2 . 
3. 
4 . 
5. 
6. 
7 . 
8. 
9. 
10. 
S i eve No, 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
S ieve s i z e 
in mm . 
0.84 
0,71 
0.50 
0.35 
0.25 
0,177 
0.125 
0 .088 
0.0625 
<^0.0625 
Weight 
in gm . 
n i l 
0.04 
1.26 
0.80 
0,35 
4.10 
69 .70 
9.90 
7.60 
5.29 
Weight 
p e r c e n t 
n i l 
0.04 
1.27 
0,81 
0,35 
4,14 
70 ,38 
10,00 
7.67 
5.34 
C u m u l a t i v e 
Wt. % 
r e t a i n e d 
nil 
0.04 
1,31 
2 .12 
2 ,47 
6 ,61 
76 .99 
86 .99 
94.66 
100.00 
Cumula t i ve 
Wt. % 
p a s s i n g 
100.00 
99 .96 
98 .69 
97 .88 
97 .53 
93 .39 
23 ,01 
13 .01 
5,34 
00 ,00 
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Sample no . 12a 
Locat ion; C h i r a h w a n (Grea t Gandak r i v e r a t 30 c m , d e p t h ) 
S .No. S ieve No. S ieve s i z e Weight Weight C u m u l a t i v e Cumula t i ve 
in mm. in gm. p e r c e n t Wt. % Wt, % 
r e t a i n e d p a s s i n g 
100.00 
99.94 
98,38 
97 .67 
97.36 
92.14 
19 .61 
10.40 
6,10 
00,00 
1 . 
2 . 
3 . 
4 . 
5. 
6 . 
7. 
8 . 
9 , 
10. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN 
0,84 
0 .71 
0 .50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
< 0 . 0 6 2 5 
n i l 
0 .06 
1.52 
0 ,69 
0.30 
5,10 
70 .78 
9,05 
4 .20 
5,96 
n i l 
0 ,06 
1,56 
0 ,71 
0 .31 
5,22 
72 ,48 
9 ,27 
4 ,30 
6 ,10 
n i l 
0,06 
1,62 
2 ,33 
2.64 
7,86 
80,34 
8 9 . 6 1 
9 3 . 9 1 
100,00 
Sample no . 12b 
Locat ion: C h i r a h w a n (Grea t Gandak r i v e r a t 1 m. d e p t h 
S.No. Sieve No. Sieve size Weight Weight Cumulat ive Cumulat ive 
in mm. in gm, p e r c e n t Wt. % Wt, % 
r e t a i n e d p a s s i n g 
100.00 
99.96 
98 .23 
97 ,01 
96,45 
91 ,25 
11 .62 
6 , 2 1 
2.15 
0 .01 
1 . 
2 . 
3. 
4 . 
5. 
6 . 
7. 
8. 
9 . 
10. • 
20 
25 
35 
45 
60 
80 
120 
170 
230 
PAN / 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
0.0625 
n i l 
0,04 
1,70 
1.20 
0.55 
5.10 
78.05 
5.30 
3 ,98 
2 ,10 
n i l 
0,04 
1,73 
1,22 
0,56 
5,20 
79 ,63 
5 , 4 1 
4 ,66 
2 .14 
n i l 
0.04 
1.77 
2 ,99 
3,55 
8,75 
88 ,38 
93 .79 
97.85 
99 ,99 
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APPENDIX V : Showing p e r m e a b i l i t y of v a r i o u s t u b e w e l l s c a l c u l a t e d a f t e r Logan 
(1964) f o r m u l a . 
S .No . Locat ion S p . c a p a c i t y S p . c a p a c i t y T r a n s m i s s i v i t y P e r m e a b i l i t y 
3 2 
(m / d a y / m) I n d e x (m / d a y ) ( m / d a y ) 
1. Moti C h h a p r a ( P G - 2 1 ) 
2 . P i p r a s i ( P G - 4 2 ) 
3 . S o h n a r i a ( P G - 2 0 ) 
4 . B h a r w a l i a ( P G - 2 2 ) 
5 . P a d r a u n a (PG-22) 
6 . P a r s a u n i ( P G - 1 9 ) 
7. PG-24 
8. Dhusi (PG-17) 
9. Tamkuh i (PG-15) 
10. S i n d u r i a ( P G - 1 2 ) 
1 1 . D h u n d a w a h a ( P G - 9 ) 
12. N a r k t i a Buzurg 
13 . Bi lwa {PG-2) 
14 . Kasia (PG-1) 
15 . PG-3 
16. HG-1 
17. HG-13 
18. P a r s a r a m p u r 
19. T e k u a t a r 
20. K h a d d a (HG-8) 
2 1 . Ma thau l i (PG-13) 
Z2. PG-42a 
23 . PG-54 
Zii. PG-67 
739.73 
757.72 
453,88 
544,41 
568.77 
1043.40 
843.88 
525.34 
597.04 
775.90 
594.42 
775.96 
472,87 
404,99 
1191.27 
652.75 
453,60 
703,31 
640,53 
611,00 
807.50 
794.79 
962.80 
1079.29 
40.64 
39.67 
14.54 
28,32 
31,30 
43.43 
23.95 
17.44 
18.81 
21.24 
18.20 
22.34 
16,04 
11,02 
36,51 
20.01 
14,00 
22.39 
19.17 
18.56 
25,97 
24.82 
31.88 
31.56 
902.47 
924.41 
553.73 
664.18 
693.89 
1272.94 
1029.53 
640.91 
728.38 
946.59 
725.19 
946.67 
576.90 
494.08 
1453.34 
796.35 
553.39 
858.03 
781.44 
745.42 
, 985.15 
t 
969.64 
1174.61 
1316.73 
49.58 
29,62 
28,81 
36,55 
28,91 
36,39 
34,18 
20.19 
19.94 
28.99 
20.88 
27.26 
19.56 
13.45 
44.55 
24.41 
17.08 
27.32 
23.38 
22.64 
31.68 
30,29 
38.89 
38.52 
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APPENDIX VI: Hydrological t e s t of S.T.W. No. 41 Dis t r ic t Deoria, 
Site 
Dis t r ic t 
Let. 
Long. 
Date of tes t 
Duration of tes t 
Pump s t a r t ed on 
Pump s topped on 
Constant d i scha rge 
Stat ic water leve l 
Distance from pumping well 
Rachchapar (S .T . W.No.41-S.G.) 
Deoria 
26°19'N 
83°46'E 
16.12.76 
740 minutes 
16.12.76 at 18.40 hours 
17.12.76 at 07.00 hours 
16675 GPH 
4.17 Metres 
39.48 Metres 
Test conducted by R.C. Saxena 
Ass t t . Geologist 
Mukesh Singhai 
Ass t t . Geologist 
OBSERVATION DURING PUMPING 
Date 
16.12.76 
Time in 
hours 
18.40 
Time in 
minutes 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
Draw-down 
in metres 
0 
.120 
.155 
.175 
.190 
.200 
.210 
.215 
.220 
.225 
.230 
.245 
Remarks 
255 
19.40 
20.40 
21.40 
22.40 
23.40 
0.30 
3.00 
4.40 
6.20 
20 
25 
30 
40 
50 
60 
90 
120 
180 
240 
300 
350 
500 
600 
700 
.250 
.260 
.265 
.270 
.275 
.280 
.280 
.285 
.290 
.290 
.290 
.290 
.29 
.29 
.29 Power cut at 
7.00 A.M. 
J3 
O 
a 
E 
0) 
> 
X 
Q 
z 
u 
a. 
a. 
< 
O 
Z 
(/7 
Q 
DO 
S 
o 
u 
o 
CO 
o 
u 
X 
o 
o 
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o a Q a 
o :z z 2: 
Q Q Q 
z z : z o o z : z z - i 2 ; 2 : z o z z 2: z o 
Q Q o Q Q Q Q o Q Q Q Q Q Q Q 
Z Z O Z Z Z Z O Z Z Z Z Z Z Z 
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